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CHEMISTRY ON A (OLLEGE FRESHMAN LEVEL. MATERIALS AMD TOFICS
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PREFACE

Tais manual provides laboratory procedures for a one-semester
course in elementary quantitative chemistry on s freshman level. Ir
recent years the high school training in chemistry of entering college
freshmen has improved significantly. Much of the material traditionally
included in introductory college chemistry courses is being offered in
high schools, and our procedures seek:to take advaucage of the trend.
It now appears feasible to cffer instruction in precise quantitative
analysis during the second semester of the freshman year. This state-
ment does not imply that the procedures are necessarily elementary;
indeed, the experiments may provide a challenge to more advanced
students. The authors simply recognize the.fact that many high
schools and preparatory scnools are doing such a good job in the
teaching of general chemistry that the college freshman today is
prepared to undertake more exacting work.

The rapid strides in chemical instrumentation are having a pro-
found effect upon the methods of chemical ~nalysis. Such instruments
as electrical one-pan balances, prmeters, spectrophotometers, and
calculating machines are beconing standerd equipmernt, not only in
chemical research but alsc in diagnostic medicine and in the chemical
industry. The majority of the Washington and Iee freshmen chemistry
students are either pre-medical. students or science majors. Therefore,
the course in quantvitative chemistry includes considerable use of
instrumentation, so .5 to familievize thes: students with fundamental
eguipment which may be of importance to them in their future pro-
fessions. Hcwever, it is to be understood that the present lsbora-
tory course will not serve as a substitute for advanced courses in
Instrumental anslysis, which are usuglly offered during the junior or
senior year for chemistry majors. ‘

Our problem has been the development of s laboratory program in
quantitative chemistry, suitable for freshman preo-medical and other
science students, reteining the emphasis upon precise lsboratory tech-
nigue usually assocliated with sophomore gueatitative analysis courses,
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but providing training in the use of essentisl instruments of anslytical
chemistry. One particuler espect of this problem is that of inte-

gracing the use of instruments with classical quantitative techniques.

-

B. S. Gilreatn
W. J. Watt
J. B. Goehring

Lexington, Virginia
August 15, 1966
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INTRODUCTION

Analytical chemistry consists of two major divisions, qualitative
analysis and quantitative analy-is. The laboratory procedures of quali-
tative enalysis are designed for identhifying and deiermining the approxi-

mate amounts of the constituents present in a substance, whereas the
procedures of guantitative analysis are concerned with determining the

exact amounts of constituents present. A complete analysis of a sample

must include both gqualitetive and quentitative determinations. However,
the qualitetive analysis must precede the quantitative, since the former

serves as a basis for selecting methods for the latter.

Ihe Methods of Quantitative Chemistry. Quantitative methods may be

conveniently subdivided into four general divisions: gravimetric, volu-
metrie, colorimetric, and eiectrical methods. However, such & classifi-
cation is more arbitrary than accurate since, frequently, an analytical

procedure may employ more than one metnod in arriving at the percentage

composition of a substance. It seems pertinent to summerize the natuz »

of these quantitative measurements.

Gravimetric Methods. A gravimetric analysis is one based entirely

upon weight. In such a procedure the original substance is weighed, and
from it ile constituent to be determined is isolated and also weighed.
From the twec wéights the amount of the desired constituent is calculated.

Volumetric Methods. A volumetric determination is made by measuring

the volume of a standard reagent reacting with the desired constituent

.in a definite chemical recetion. The amount of the constituent mey be

obtaired from the weight of the original sample and the milliequivalents
of the standard solution used in the titration.

Colorimetric Methods. The substance to be determined is converted

to a compound which imparts s distinctive color to its solution. The
intensity of the color of an unknown solution is compered with standard
solutions containing known amounts of the colored compound. Such & com-

parison may provide an estimation of percentage composition.
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Electrical Methods. Among these many methods can be listed the

measurements of certain basic electrical properties such as potential,

conductance, guantiiy, and capacitance. A correlation of these physical
measurements with concentrations, for knowns and unknowns, provides g

means for quentitative evaluations.

ggg Objectives gg.Quantitative;Chemistry. The laboratory procedures

in quantitative chemistry provide eiperiences and situations which have
disciplinal, edr.ational, and practical values in the training of a
student. An -laboration of these values is as follows:

Discipiinal Values. In the analysis of a substance a student strives

to obtain results which are near to percentages that are known only to
the instructor. In seeking a high degree of accuracy certain personal
qualities are essentijal:

(1} The student must have a sense of objective honesty in the
evaluaetion of latoratory measurements.

(2) He must be able to follow directions carefully and intelligently,
and to make aczcurate observations and readings.

(3) He must acquire neat and precise working hebits, and always
record laboratory data in a systematic form in a suiteble notebook.

Educationai Values. Very few students who complete a course in

quantitetive chemistry will ever enter a profession which requires
routine aralytical determinations. However, the educational values
within the study are fully as important as any other values which may
be attributed *o the conrse. Among the educational Qalues may be
listed the following:

(1) The studeat is given an cpportunity to use certain aspects of
applied mathematics. 4

(2) He supplements and expands his knowledge of some basic principles
of analytical chemistry.

(3) He becomes familiar with the literature of analytical chemistry.

Practicgl Vajues. Quantitative chemistry is usually the only

course in a chemistry curriculum that has the attainment of precise and
accurate results as a primary objective.
(1) To attain accurate results a studen: must acquire manipulative

s, A s




ability and reasonable speed in the handling of chemical equiprent.

(2) He must appreciate the limitations of the methods and equip-
ment he uscs, and the magnitude of possible errors which may be
involved.

(3) He must be able to make rapid calculations from analytical
cbservations to a precision warranted by the data included.

Finally, one of the most outstanding rewards of a course in

quentitative chemistry for & student is the attainment of an instilled
confidence in his laboratory skills. This confidence permits the
proper approach to almost any type of leboratory problemj it is
quite evident in advanced courses, in research, and in the problems

which may be faced in professional and industrial leboravories.
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Chapter 1

GENERAL LABORATORY DIRECTIONS

"+, EEGINNING THE. LABORATORY WORK

iil; Eggnning and Schedule. The laboratory work in amalytical
chemistry is usually planned so that students may complete the various
assigaments within the scheduled periods. Tt is essential that the
individuval student formulate his own schedule to conform with the group
assignments. To meke effective use of the labeoratory period the student
must be familiar with the analytical op~rations to be performed. The
only way such familiarity can be attained is by an appropriaté amount
¢f homework before coming to the laboratory. The procedures for an
assigned period should be studied carefully, and an outline may be made
of the successive operations to be encountered. Laboratory work should

be confined, as much as possible, to manipulations and operations. Use

outside time for calculations and the filling in of routine forms in
the notebook.

The student might consider a quantitative analysis as being divided
into three steps: (1) the attainment of a summarized knowledge of the
analysis; (2) the physical accomplishment of the experiment with
attendent and pertinent observations; (3) the calculations of the
results from the observations. Only the second step should utilize
1dbora£ory time. . i' . .

gg__. Economy_ 9____t; 23—,_‘11._?._.- Within the laboratory hours the student may
learn to accelerate his laboratory production by attentiou to various
anal&tical techniques whiéh are described elsewhere. These techniques
are mastered only through practice, and are not acquired "overnight".

It may not be as easy to perform techniques properly the first time, but
it should be remembered that one of the principal objectives of the
course is to attain good i&boratory skills.

One technique that the student should learn from the beginning is the
efficient utilization of lsboratory time. Part of this is proper organi-

zation of operations, anc¢ purt of it may be sound.judgment. A {rained
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analyst learns to do meny things at the =ame time. For example, certain
evaporations, filtrations, and titrations may te performed simultaneously.
The average student will probably not become a laboratory analyst, but
he should rebégnize the ‘advantage of” doing meny operations in the minirum
smount of Hime. °

It is common sense for a student to foresee each step in analytical
rmanipulations, and to plan these steps so that no period of waiting
occurs between them. 1If, for some reasor, such a period should occur,
the resourceful student will be prepared to begin the next analysis in
the assigned schedule. For example, practically all sam.les for analysis
must be;gried beforehand, and before one analysis is complete, the

student should have .a.dried sample ready for the ngxt analysis.

. 1’5 Desk Equipment. In Table A*3, in the Appendix, wiil be found
a list of the apparatus issued tc each student. Howevsr, the list may be

modified by the instructor to fit the particular needs of the course.
Certain general directions concerning the equipment have wide acceptance.
Some of these are as follows:

1. Copy desk nuuber and lock combination in your laboratory manual,
and algo on a piece of paper to be carried in your billfold.

2. Check desk equipment against the apparatus list; any items missing
should be obtained from the main stockroom. Glassware which is cracked,
chipped, or badly etched should also be replaced from the storetocm. It
is usually necessary to get the instructor's approval for such replacement
to avoid extra charge ageinst laboratory deposit.

3. All equipment will be checked by the instructor at the end of the
term, and any defective equipment will be charged to the student.

4. It is usually customary for-the student to make a breakage
deposit to take care of wear and tear on equipment. Part of this deposit
may be returned.

5. The equipment should be arranged in the desk to provide maximum
availability of the most widely used items, and to insure a minimum loss
through breakage of fragile items. If the desk has not been in constant
use, it may be necessar; to remove all equipment before rearrangement,

and to remove any accumulation of dust.
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6. Clean the desiccator, and add fresh anhydrous calcium chloride,
if ‘necessary. Replacement is indicated when there is evidence of caking.
The ground-gless rim of the des:l.ccator should be lightly greased with '
petroleum jelly to maintain an air-tight seal. Additional instructions
concerning the desiccator are to be found in Sec. 5-7.

1.4 . Aqparatus fo be Constructed. 1In addition to the stendard items

of equipment listed in Table A5, it will be necessary for the student to
construct a few pieces of apparatus which have special uses in some of
the laboratory procedures.

Wash Bottle. The wash bottle is a familiar object in any analyti-

cal laboratory. There are many types, but the one produced from & flat-
bottomed flask (500 or 1000 ml Florence flask) is typical. The simplest
Torm of this piece of equipment is indicated in Figore 1°1. The fittings
are usually made from three pieces of 6 mm glass tubing, cut to the
approximate lengths desired. The bends, indicated in the diagram, should
be made in the same plane and without kinks. Use a wing tip on the
burner so that the tubing can be heated over a wide distance. The tip
should have an opening about the same size as found on either & standard
burette or ordinary pipette, which is approximately 1 mm in diemeter.
The tip is connected to the main delivery tube by means of a short piece
of rubber tubing of the size to fit snugly. The ends of the pieces of
glass tubing should be fire polished before assembling the wash bottle.
The ihstructor'may be-consultqg for ad&itionel direction in the tech-
niques of glass working.

Safety Bottle. Ordinary suction filtrations are accomplished

by means of a water aspirator connected to a suction flask. Inasmuch as
there are usually wide variations in water pressure, such changes may
cause water to back up into the flask from the water pump and contaminate
the filtrate. A safety bottle inserted.betweeq the suction flask and
the aspirator will act as a safety valve to prevent sucia contamination.
The safety bottle is constructel by inserting L .jo pieces of glass tubing,
bent as indicated in Figure 1°1, into a two-hole rubber stopper which '
fits an ordinary wide-mouth 250 ml bo%tle.
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Stirring Rods. Cut six stirring rods, 5 mm in diameter, each
to & length of approximstely 150 mm. Fire polish both ends of each rod
to prevent scratching of beakers and test bubes. " If rods are already
présent, this construction mey be omitted.’ ' ) -

CIEANLINESS AKD SAFETY

1-5 Preparation and Use of Cleaning Solution. Volumetric glassware,
whiah includes burettes, pipettes, and volumetric flasks, must be suffic-
iently clean so that their inside surfaces are wetted uniformly with
distilled water. One type of i'eagent used for cleaning purposes is &
mixture of concentrated sulfuric ecid and sodium dichromete. This
cleaning solution is prepared by adding 20 g of sodium dichxomate to
400 ml of hot (not more than 100° C), concentrated HoSO, contained in a
large beaker. The mixture is stirred and allowed to cool. After cooling,
the clear liquid is decanted into a 500 ml glass-stoppered bottle,

leaving any undissolved crystals behind.. Cleaning solution may be used
over and over &s long as it retains its red color. A green color indi-
 cates that it has lost its ox’dizing power, and such & 3olution should
be discarded. If kept at room temperature the solution usually retains
its cleaning property over a period of months.
Cleaning solution is highly corrosive and must be used with extreme

care. It will destroy clothing, and mll produce severe burns on the

gkin. -Any amount, even & drop, Spllled on any surface snoulo. be
neutralized with sodium bicarbonate, and then washed completely with
water. When spilled on the skin, it should be removed with running
water as quickly as possible. ‘

Hot clea.ning solution cleans within ten minutes, hut is more
dangerous to hendle and may cause errors in the volume of calibrated
glasswere. Cold cleaning solution is equally. effective, but slower in

action, usually requiring an overnight period of contact.
1°6 Cleaning filassware. Most glassware is best cleaned with &
@ ' commercial detergén{; , applied with a brugn, and then removed with several
rinsings of water., Usually the detergent is supplied by the iastructor




ST e PR SRS S TS T e e =,

orrf‘roqz the stoskrr =, Use tap water for all washing and ringing
purposes; under no corditions is distilled water to be used except
in a small quantity for a_ final-rinse. .

The insides of volumetric glassware -(burettes, pipettes, and volu-
metric flarks) should be sufficiently clean so that an even £ilm remains
after they are filled and drained with distilled water. A number of
recipes for satisfactory cleaning solutions are to be found in the
warious chemistry handbooks. One that is widely used, although
hazardous and corrosive in nature, is the HpSO4'NapCrsO, mixture
described in Sce. 1°5.

A burette may be cleaned rapidly by drawing warm cleaning solution
from a beaker through the action of a water aspirator intc the inverted
tube of the burette. It is customary to insert a safety bottle in the
suction line to prevent the cleaning solution from being drawn into the
water pump. The set-up is illustrated in Figure 1-2. Pipettes may be
cleaned usirg a similar procedure. ‘Volumetric flasks are more con-
veniently cleaned by allowing cold cleaning solution to stand in the
flasks overnight. The cleaned volumetric equipment should be rinsed
thoroughly with distilled water. If any drops of water adhere to the
walls, the item must be recleaned.

Clean burettes should be filled with distilled water and stored in
an upright position. If.it is necessary to store them in a horizontal
positipn they should be well corked. The new types of burettes with
*feflon stopcocks do not .1eak, and even those wit'h glasc stopcocks do not
leak when used with a suitable spring clip. Burettes thus stored will
stay clean indefinitely.

1.7 Disposal of Waste Products. Waste solids such as match _si:ems ,
used filter paper, used corks, broken glassware, and old towels must be
discarded into stone crocks which are distributed in convenient placec in
the levoratory. Under no conditions are solids to be allowed in the
troughs or dra.ins. A student, thoughtless in this respect, may be the
cause of extensive damage to the laboratory plumbing.

Q Waste liquids are to be discarded directly in the main sink, not in
the leboratory trough, and flushed with large guantities of tap water.
The dispbsal of corrosive acids and a.lka.lies must be Kccomplished in’
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this manner to avoid damage to troughs ani nlumbing.

If & 1iquid contains particles of a solid, decant the 1iquid into the
sink, retaiming as much s0lid as possible in the glass contajner. Dump
any remaining solid into a stcne crock. '

1-8 Laboratory Safety. Serious injuries in the laboratory are in-
frequent. Students have learned from lLigh school and general chemistry
that laboratory equipment and chemicals are to be respected and, conse-
quently, they use certain preceutions dictsted by common sens.. On the
other hand, it sometimes happens that "familiarity breeds cor empt", and

students may not realize the hazardous and poisonous nature .. certain
common chemicels such as hydrogen sulfide, mercury, carbon tetrachloride,
ete. I% is the responsibiii'éy of évéry instructor to émphasiée thé
importance of safety in the laboratory, and it should be the duty of every
student to observe laboratory safety rules. In every laboratory there
should be an emergency chart to cover all types of possible accidents.

One excellent chart of this type is available from the Fisher Scientific
Company.

The best way to treat injuries is to avoid them; however, this is
not entirely possible, and there will always be a few accidents in all
laboratories. Injuries usually fall into one of the following categories:
(1) poisoning, (2) burns and scalds, (3) cuts from broken glass, and
rarely, (&) explorions.

Poisoning may result from so many chemicals -- in fact, fram
nearly all chemicals +- that the cautious handling of laboratory reagents
canriot be overemphasiied. The trestment of various specific poisons
varies so widely that no simple, overall antidote is available. Treat-
nents for some specific poisons are designated on Laboratory Emergehdy
Charts. The labels on many chemical reagent bottles give directions for
emerguncy treatment. As precautionary measures, all loyoratories should
he well ventilated, should have adequate hoods, and if possible an
emergency shower. AS a general rule, rubber gloves should be worn while
handling poisonous chemicals.,

gt_ir_gg énd Scalds. All severe burns and scalds must be treated
py a physiqian.’ A slight burn may })g_ ﬁre.at.ed with.butesin picr_at-e oint:_npnt
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or sterile petroleum Jjelly. Do not use ointments on severe burnms, but
leave any treatment to & physician. Minor burns arising from spilled
) . acids and alkelies should be washed thoroughly with water as quickly as
I ' possible, and then treated with neutralizing agents recommended by the
' instructor, or by the instructions of emergency chart. Burns in the eyes _
shoqld be washed with large guantities of water. If the burn is due to
acid, wash with five per cent solution of sodium bicarbonate; if due %o
e an elkali, wach with a saturated solution 6f boric acid. Bye burns
- shorld slways be sent to & physician afier ihe preliminary emergency
‘ treatment indicated above.
__01_1___135. Severe cuts are rare, but if they should occur, consult
the emer;ncy chart as to the epplication of a tovwrmniquet until a
physician arrives. Minor cuts may be treated with tincture of merthio-
late, and then covered with sterile gauze.-
%;2 Terminating the Laboratory Period. The laboratory desk and its
contents should be kept orderly, clean and neat at all times. Satisfactory

t ‘ lsboratory techniques will permit the student to spend a minimum amount
of time in terminating a laboratory pefiod. The instructér will expect
each student to store all equipment in his desk at the end of each labora-
tory period, and each desk should bear inspection if necessary. The
vorking ares should be sponged lightly with a small amount of cleaning
powder, and then thoroughly rinsed with water to remove excess powder
and dirt, before leaving the laboratory. In return the student should

' expect to find the top of his desk 'cou;pleteiy clean at the begirning of
& work periocd.

REAGENTS

- . 110 Care and Use of M. A 1list of reagents used in the
HREE ENEEE SR e s
experiments is given in +thkBles- .in the Appendix. Recipes for making
speciul soluticns are given within the same tables. As a general rule,
, ‘ only reagente of highest purity sre purchased for use in the gquaatitative
G analysis course. Inasmuch as many of these resgents ere expensive, it
. « in expected that they be used speringly, and with reasonable care.,
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The following precautions should be generally observed in the use
of reagents in a quantitative analysis laboratcry:

(1) Reagents in general. . Reagents must not be conteninated by in-
serting dirty instruments into reagent containers. Reagent bottles should
be kept tightly stoppered when not in use.

(2) Liquid Reagents. A solution should be poured from its bottle,
in the volume estimated as necessary, into a clean, dry beaker or

graduate. Never insert a pipette into a reagent bottle. In order to
avoid waste, remove only what you will probably need; bui do not return
any unused portion to the bottle. Stoppers of reagent bottles should be
held in the hand while pouring and then replaced immediately.

(3) Solid Chemicals, used in preparing solutions, are to be weighed -

on a general laboratory balsnce (not the analytical balance) anless
otherwise directed. Remove directly from the bottle--by slightly
tilting-~to a piece of glazed paper on the balance pan. It is permis-
sible to use & clean spatula to loosen the solid chemical within its
container. Never place a chemical directly on the balance pan. If a
small excess is poured out, discard into a stone waste jar. If any large
quantity of a solid is spilled, coasult the instructor at once. Keep
the top of the general balance, and the desk top about it, free from
chem:{cals and waste paper. Spilleges must be cleaned up at once using
your sponge. or towel. .

L-11 D:Lstlllc.d or Deionized Water. Distilled (o deionized) water
.lv the most important reagent in the ana.ly—tlca.l chemistry laboratory.

Even distilled water may contain impurities. Soluble or insoluble
impurities may occasionally be carried-over in the distillation process;
end gases from the atmosphere will contaminate distilled water upon
stending. The procedures of elementary quantitative analysis rarely
require ultra-pure water, sud usually ordinary distilled or deionized
water is satisfactory. Dissolved gases from the air mey be removed by
boiling and proper storage when necessary.

Tap water is always contaminated with impurities which may affect
chemical analyses, but tep water is usually of sufficient purity for
washing purposes. ﬁistillgd water is 80 expensive and.difficult to
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produce and store, that it should never be used for washing purposes
except under unusual conditlions specified by the laboratory 'procedures
or by the instructor. 1In other words, the student should appreciate
the presence of sufficient distilled water, and should not abuse this
convenience by wasting the water.

Distilled water is used for all solutions. It may be used for

rinsing purposes from a wash bottle. Under no conditions is washing or
rinsing permitted a% the distilled water tap.

USE OF THE ANALYTICAL BAIANCE

Most courses in quantitative analysis meke use of one-pan electric
balances for analytical weighirgs. Such balances are made by & number
of manufacturers, and the majority are excellent instruments. The
balance described in these procedures is the Mettler H15; however, the
use of any other analytical one-pan balance involves essentially thre
Same manipulations.

1-12 Fundamental Rules for Maintaining Accuracy and Reproducibility.

Each balance is assigned to & group of individual students; once having
been assigned to & particular balance, a student should vie it exclusively.
Although modern analytical balances are quite accurate, there are always
slight differences in the weights which are built into the balance.
When using the same balance for a given analysis, errors caused by
glight d:.fferences in weights usue.lly cancel out. On the other hand,
such a cancellgtion of errors may not occur if more than one belance is
used in a single anslysis.
The following rules should be observed with the use of an electric

one-pan balance: '

(1) The palance should be placed where it will be free fram vibration.

(2) The balance ghould be leveled by means of the built-in spirit
level before attempting a weighing operation.

(3) Objects to be weighed should be placed on the balance pan only
when the bhalence is arre¢sted. The same rule applies for removing objects.
Tie Mettler balauce has a knob on the left side of the balance case (Fig.
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1:3), which may be turned to three different positions. When the kaob
pointer is vertical (points upward) the balance is arrested; if the kncb
is moved forward (toward the operator) the balsnce is semi-released; and
when the knob is moved backward (away from the operator) the balance is
fully released. ‘
(4) Turn the weight-setting ko-bs only when the balance is semi-
released. As has been stated before, the semi-released condition is
attained when the knob on the left side of the balance is turned
toward the operator.

is fully released. Air motion through the balance can cause the pan to

' Fluctuate sufficiently to give inaccurate weighings.

",6} ‘If the balance is out of adjustment, consult jour instructor.

1°15 Procedures .:_f_o_;; Weiﬂnﬁ. The follcowing rules should be
observed in & weighing operation:

(1) The balance pan:must be clean. If necessary open the window

and brush the pan with a camel's hair brush.
(2) Set all weight knobs (located on front of the balance--Fig. 1-3)
on zero.

_Ql The optical scsle and vernier scale should coincide on the zero

positions. Release the balance completely, by moving the knob on The
left side of the balance backward. When the optical scale comes to
rest, bring the zero of this scale (using the adjusting knob on the
right side of the balance case--Fig. 1-3) to a position so it will
coincide with the zero line on the vernier scale. These two scales are
illuminated from within the balance case: +the movable one on the left
is designated as the optical scale, and the smaller fixed-position one,
on the right, is described as the vernier scale.

(4) After the zemp point has been checked and adjusted, return the
balance to the arrested position.

(5) Place cbjects on pan when balance is in the arrested position.
All objects to be weighed must be dry and at room temperature. Use
tweezei-s or piece of folded paper to handle objects to be weighed.
(Moisture from the fingers will sffect weighings.) Close the balance
window imediate]y after object is placed on the pan.
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(6) Adjust weight-setting knobs with the balance in the semi-released
position. Starting with the kncb controllirg the heaviest weights turn

cach knob clockwise until 1he optical scale moves upward. Then turn the
knob back one step. This operation is .performed for each of the three
weight-setting knobs. The two lower knobs adjust th: number of whole
grams; the upper left knob adjusts the number of tenth-grams.

(7) Make final weight reading with balance fully released. After
the weight-setting knobs have been adjusted as described in Step (6),
release the balance completely, and record the final weight reading

from the knob indicators and the optical and vernier scales.

The optical scale is read by observing wherc the zero line on the
vernier contacts the optical scale. For example, if the zero line falls

between calibration lines 50 and 51 on the optical scale, the optical

scale reading is 50--the smaller of the two values.

The vernier scale is read by observing the vernier line which coin-

cides exactly with a calibration line on the optical scale. If vernier r
line 3 happens to coineide, the vernier reading is ttken as 3. With the |
vernier reading, the mass of the object is recorded to the nearest tenth
of a milligram; e.g., 129.7505 grams.

1-14 Weighing Exercise. Determine the weight of the bottom of &
clean, dry weighing bottle. Next weigh the top of the same bottle, ard
record both weights. Now combine the top and bottom and weigh the com-
plete weighing bottle. Compare the weight of the complete bottle with
the sum of the weights of the top and bottom. If they differ more than

3 : 0.0003 g (0.3 mg) the weighing should be repeated. For example, the
weighings might give the following results:
14,6728 grams = bottom of weighing bottle

. 8.2416 grams = top of weighing bottle
< 22,914t grams = sum of sbove weights

22.9146 grams = weight of complete hottle
0.0002 gram- = difference vetween weighings

The slight difference in weighings are generally unavoidasble. The
@ balance is so sensitive that weighings are affected by temperature varia-
tions, dust particles from the air, relative humidity, adsorption of
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traces of molsture by the weighed cbject, and uncertainties ir reading
the vernier scale. However, differencec greater than 0.3 mg imply mis-
reading of the scales or other experimental error.

THE QUANTITATIVE YABORATORY NOTEBOOK

1-15 Suggesticns for Keeping Notebook. Different teachers may have
slightly different preferences as to the keeping of laboratory records.
However, through meny years of experience, the method of keeping a labora-
tory notebook has evolved along certain general lines, so that there is

not much difference hetween the form used by a beginning student in
quantitative analyjsis and the form used by a research chemist.
Leboratory records are usually kept in a stiff-backed, bound note-

book with pages numbered, measuring T3 x 95 inches. The notebook is
expected to be a complete, accurate, and original record of all experi-
mental work and the relested calculations. The Pollowing suggestions
are offered, which may be modified to the needs of the student and the
instructor:

(a) Never tear a page from the notebcok [see (g) below].

(b) Use & medium, black pencil instead of a pen.

(c) Reserve pages 1l-k for an index to be compiled as work progresses.

(d) Commence the vecord of each experiment at the top of a right-hand

page, vzaded as follows:

Experiment No.@... ® 0 00 0600600606500 0600000a00 ® 0000000050 00
(Object of experiment) (Date)

(e) Enter on this page, at the time they are msde, all observations
(weighings, burette readings, etc.) foliowing the model forms
given in this section. Continue with the necessary equations,

calculations, and summary of results. Do not crowd your work;
take all the space needed for clarity; if one page is not
sufficient, pass to the next right-hand page.

(£) Use the ;g_;r%;hfa_x_l‘g pages for making incidental calculations and for
any purpose,\which scratch paper is ordinarily used. The use of
locse pieces of paper for any kind of laboratory records or cal-

culgtions is expressly forbidden.




(g) Correct minor errors .by neat erasures. Such errors are those which
are recognized at the time they are recorded. When errors are
discovered which necessitate extensive recalculations, do not try
to erase but strike out the original work with a single diagonal
line and refer, by number, to the page on which the new work is
found. _

(k) It is expected that all calculations will be based upon actual
observations, and that observations or figures will not be

altered with the object of forcing a vetter agreement of results.

) *16 Calculations. For meny years it was customary for calculations

in quantitative chemistry to be performec through the aid of five-place
logarithm tables. Such computations were necessarily laboricus and time-
consuming. Within recent years electric avtomatic calculators have
become available in meny laboratories for student use. The operation
and care of such calculators will be explained by the instructor, but
the student should be forewarned that calculators may be easily jammed

necessitating expensive repairs. Two cardinal rules should be stressed: -

(1) Do not punch a button on & calculstor while it is in operation.

(2) Do not punch two control buttons at the ssme time.

Round off all results to four significant figures. The retention of
a fifth figure pretends to a degree of accuracy that is not warranted by
the equipment and methods of the laboratory procedures.

The student may make his calculatlions in the laboratory if time
permits; see Sec. 1<l concerning planning and scheduling of time. Unless
calculations are performed immediately after a series of simple titrations
& student may not know whether he has-attained the required p;'ecision,
as, for example, in the determination of the ratio 'between a base solu-

tion and an acid solution. Thus, time may be gained by doing simpie
calculations at the time the observations are made. On the other hand,
if the calculations are sufficiently complex to be time~consuming, they
should be delayed until the laboratory work is completed.
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Specimen forms illustrating hypothetical notebook records are

given in Table 1:1 and Table 1-2.

Tabie i1 Opecimen of a Volumetric Determination

Exp. 2-11 Percentage Composition of Impure

Potassium Acid Phthalate

Samples A

Wt. of weighing bottle

+ .sample 31.6242 ¢
Wt. of weighing bottle

- sample 30.517T g
Wt. of sample 1.1065 g
Burette reading {initial) 0.30 ml
Burette reading (final) 36.30 ml
Ml of NaOH added 36.00 ml

Generel formula:

1l NaOH x N NaOH x meq wt KHP x

Date 10/5/65

wt. of sample

(a) 36.00 x 0.1020 x 0.2042 x 100 _
1.1065 -

28.0% x 0.1020 x 0.2042 x 100

67.77 per cent KHP

67.82 per cent KHP

0.3
0.k
0.1

3)C.8

(®) 0.8608 -
(c) 32.24 x O.Jb(‘)ggo:; 0.2042 x 100 _ 67.78 per cent KHP
Deviation
Sample A 67T.77 0.02
Sample B 67.82 0103
Sample ¢ 67. 0.01
3)203.37 310.
7.79 0.02

Per cent Potassium acid phthalate = 67.79

0.3

B c
50.517T7 g 29.6569 g
29.6569 g 28.6662 g

0.8608 g 0.9907 g
0.4 ml 0.20 mi
28.17 ml 32,44 m
23.05 ml 32.2k ml
. 100 = per cent KHP

Deviation parts/thousand

Deviation = 0.3 parts/M
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Table 1'2 Specimen of & Gravimetric Determination

Sample A

*,%x%ﬁ%xloo=

Ssmple A 30.9%
Sample B 30.85

2 EEI.'EQ
Average 30.90

Per cent Chlorine = 30.90

Exp. 5°10 Gravimetric Determination of Chloride in  Date 1/6/66
& Soluble Salt Mixture
Wt. of weighing bottle Semple A Semple B
+ sample 26.0297 g 25.5976 g
Wt. of weighing bottle ‘
- sample 25.5976 g 25.0040 g
F Wt. of sample 0.k321 g 0.5036 g
Wt. of empty Gooch crucible A B
After 1st heating 16.7423 g 16.8926 ¢
After 2nd heating 16.7421 g 16.8923 g
. Wt. of Gooch crucible A B
| G + AgCl 17.2826 g 17.5205 g
| Wt. of Gooch crucible 16,7421 ¢ 16.8023 ¢
Weight of AgCl 0.5405 g 0.6282 ¢
. _C1 wb. AgCl _ )
Generel formula: A—gCI wE. of sample X 100 = per cent Cl

Sample B
30.9k _L_i?‘i;*} x 2882 x 100" = 30.85
Deviation Deviation parts/thousand
0.0 1

0.05 2
220.% 2)3 _
0.045 2

D'eviat_ion = 2 parts per thousand

e e oA e o
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1-17 Kumber of Determinations. The actual number of samples that

a student should carry through & given analysis may depend upon & variety
of factors, which will be discussed in the classroom. These factors are
usually treated under a topic stated as, or related to, The Evaluatlon of
Analytical Dsta. However,'it frequently becomes necessary for a student

to make a rough evaluation of his laboratory work before the subject is
discussed elsewhere. ‘ '

Two of the factors which mey influence the number of determinsastions
are those of precision and accuracy. These two terms have quite different
meanings. The precision of a group of results refers to the agreement
among the various numerical results obtained by the experiments. In other

words, precision indicates the degree of reproducibility. The term

accuracy refers to the agreement between the numerical result and a hypo-
thetical true value. Absolute true values can never be attained but they
may be approached. In aectual practice, true values are defined within
certain limits, which are dependent upon the accuracy of the instruments
and the skill of the operators.

It is sometimes frustrating to a student when he obtains results which
ars close together (precise), but which are found to be far from the true
value (inaccurate). The accuracy of student determinations is usually
evaluated by the instructor, on the basis of results obtained from
multiple analyses of professional analysts. _

The precision (and also accuracy) of analytical results is customerily
expressed as an average deviation in parts ver thousand. The computation
of this expression involves four essential steps, which may be described
as follows.

(1) calculate the arithmetical mean of the results.

(2) Compute the deviation of each result from the average, ignoring
its algebraic sign.

(3) Obtain the average deviation of all observations.

(k) Multiply the average deviation by 1000 and divide by the average
result to get average deviation in parts per thousand.

These steps are illustrated by using the following hypothetical observations:




23>
" Observations Deviations from the average
35,46 0.09
- 35,62 : 0.07
55.57 - 0.02
3)106.65_ 3)0-
Average 35.55 Average 0.
observation deviation
0.06 x 1000

35755 = 2 parts per thousand (approximetely)

Duplicate determinations must be made, otherwise a student has no
criterion for calculating the precision of his work. Inasmuch as a
beginning student frequently ruins one sample of a determination, it
is usually desirable to make triplicate determinations. The student will
soon realize that the three determinations can be performed simultaneously
almost as quickly as a single détermination.

The statistics of the variation of accuracy and precision has been
studied for over 300 years, and has become progreésively more complex.
Such studies, including the rejection of results, wili be discussed in
the classroom. However, it can be said that an average result is more
apt to be accurate when a large number of determinations are involved.
But this accuracy is only increased, rcughly, in proportion to the
square root of the ﬁumber of determinations; thus, many determinations
are not signitTicantly more accurate than a few.

Agreement of duplicate or triplicate results, in carefully tested
brocedures, is a good indication that the error in thas analysis is small,
but does not constitute proof of such. In other words, close agreement
indicates excellent precision, but not necessarily close accuracy. A
student should strive to attain a precision, i.e., agreement of results,
of two parts per thousand. Most quantitative laboratories have equip-
nment, for studenﬁ use, which permits the attainment of this range of
precision. Three parts in one thousand is usually satisfact#py, but
when the precision drops below five parts in one thousand, the accuracy
is very likely to be poor. A precision as low as ten parts per thousand

is not acceptable.
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1.18 Reports and Grades. No experiment is complete until the :
results have beern calculated, in the notebook, reported cn a separate |
sheet of paper, and accepted by the instructor. The authors have ‘
found it to be expedient to require that all reports should follow the
forms given in Table 1l°1 and Table 1°2, and be submitted on sheets of
notebook paper measuring 82 x 11 inches. Such reports are graded end
retained by the instructor so that they may be availeble for future
use. Occasionally a student mekee & gross error in arithmetic in 4
calculating a determination, which may not be discovered until quite
some time after the report is made. It is advantageous to the instructor
to have & copy, &s given on the report, of all pertinent observations,
as well as general formula for the calculations. Since the purpose of
the laboratory work is to illustrate methods and technigues of analysis,
the authors believe that & student should not be pénalized to a failing

O grade because of an arithmeticel error; consequently, & complete report ﬂ
will be a protection to both the student and the instructor.

| ' Teboratory work is graded: (a) on its accuracy, as judged by the .
' agreement of the duplicates (or triplicates) with the vaiues known to
the instructor; and (b) on the prompt submission of & neat, orderly ;
report. Work definitely deficient in either respect will not receive
a satisfactory yorade.

Different teachers will have varying methods of grading laboratory
work in quantitative analysis. In Table 1<% the authors present one

method of grading which mey be of assistance to beginning teachers.
No pretense is made as to the accuracy of this method of grading.
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o Table 1°'3 A Grading System for Determinations in Quantitative Analysis

”»

(Deviations Gre from velues known only by the instructor.)

Deviations in parts -
per thousasd Grade

0.0 - 5.0 ‘ A
5.0 - 10.0 5
10.0 - 15.0 C
20.0 - 25.0 D
25.0 - 50.0 E
Belew 30.0 F

C) Al]l reports

Regulations Regarding Reports

must contain at least duplicate results which should

check within ten parts per thousand of each other.

Reports should be submitted on notebook paper measuring 83 x 11
inches. They must contain all pertinent weighings, titrations , and
calculations as indicated in the examples given in Table 1.1 and

Table 1-2. Arithmetical errors occurring upon a report sheet may be
corrected without penslty. Errors not indicated on the report sheet
cannot be removed, and suck errors will enter into the grading computa-

tions.
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Chapter 2
- NEUTRALIZATION METHODS
FREPARATION OF ACID AND BASE SOIUTIONS IN BUIK

2:1 Preliminery Comments. The reaction of hydroxide and hydronium
ions with each other, or with other acids or bases, forms the foundation
for neutralization methods. For a quantitative determination the re-
action should produce a p.pid change in pH near the equivalence point.
This change may be observed with either a pH meter or by color changes
in suitable acid-base indicators.

The best solutions for acid-base titrations contain strong acids
or buser. Such reagents must be fairly soluble and relatively in-
expensive. The resulting solutions shoui. be stable, a2nd should not
produce side reactions when used in acid-base determinations. Only
a few acids and bases meet these criteria. The most satisfactory acids
are hydrochloric and potassium hydroxide. However, strong bases have
a tendency to react with glass containers, and absorb COz when exposed
tc the atmosphere; consequently, certain precaunticnary measures are

necessary in the preparation and use of base solutions.

2:2 Preparation 9£ Approximately 0.1 N & Solution. Measure as
accurately as possible with a small graduated cylinder, 17.5 ml of

reagent-grade concentrated HCL (specific gravity 1.185 - 1.192), and
pour this amount into a one-liter volumetric flask. Rinse the graduate
with two portions of distilled (or deicnized) water, and add rinsings
also to the flask. Fill the volumetric flask approximately to mark

‘'witr distilled water, and then transfer the solution to a clean five-

pint bottle. (Non-returnable acid bottles are excellent for this
purpose.) Fill the flask once more to mark with distiiled weter, and
pour the additional liter of water into the botile. This gives a total
volume of two liters pproximetely messur#d. Stopper the bottle tightly,
and then thoroughiy' mix the cscutents by inverting repeatedly and shaking
Tor &t least ten minuzes. ILabel the bottle neatly as follows:

_ 0.1 N HC1
Your neme Date




Store the bottle of 0.1 N HCL inside the desk cebinet until needed.

Concentrated HCL is very close to 12 normel; hence, when 17.5 ml
is diluted to & total volume of 2 1iters (2000 ml) the resulting solu-
tion will be approximately 0.1 N:

ml; x. Np mlz x Ng

= 2000ml x Nz

No = 0.105%":}1‘*—‘l or 1—‘*%;;

E’E o |

17.5 ml1 x 12

Normality, molarity, and formality mey be used interchangeably as far
as HC1 and NaOH are concerned; the distinction between these three terms
will be considered in the classroom.

2-3 Preparation of Approximately O.1 N NaOH Solution. Using & cne-

liter volumetric flask, measure two liters of distilled (or deionized)

water into clean beakers. Heat the water to boiling, cool until warm,
and then transfer to a two-liter borosilicate glass bottle. Stopper
tightly with a solid rubber stopper.

By means of a smaell gradvated cylinder, measure 10.5 ml of clear,

fifty per cent, reagent-grade sodium hydroxide solution*, and add the
measured quantity to the two liters of freshly boiled water. Mix the
resulting solution thoroughly by inverting repeatedliy, and shaking, for
at least ten minutes. ILabel the bottle 0.1 N NaOH, with your neme and
date, as indicated in the prsceding section and store in the desk until
needed. It is essential that the solution should be kept well-stoppered
st all times to prevent absorption of carbon dioxide from the air.
Fifty per cent sodium hydroxide is approximately 19 N and is fairly
‘ ' _ free of carbonate ions, since sodium carbonate is insoluble in this high
concentration of hydroxide ioné. ‘When 10.5' ml is diluted to an approxi-
mate volume of two litersthe resulting solution will be approximately
0.1 N. -
*Warning. Use care to prevent the concentrated NaOH from coming

———

into contact with the skin, since this substance can produce severe

; . burns. See Sec. 18 for treatment of such burns.
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COMPARISON OF STRENGTH OF ACID AND PASE SOIUTIONS BY TITRATIONS

2-4  Preliminary Comments on Titrations. Volumetric analysis in-

volves the addition of an equivalent amount of & known material to a
measured amount of unknown substance. When & burette is used to measure
out the added amount, the procedure is known as a titration. An end
point occurs when there is a definite reccgnizable change in the solu-
tion being titrated. The end point may be a change in the color of a
suitable visual indicator, or it may be some other sharp change in a
physical or chemical property of the solution being titrated. The
equivalence point in a titration occurs when the number of equivalents

of material in the titration flask is just equal to the number of

equivalents of titranﬁ added. Some acids, possessing more than one
removable proton, may show more than one equivalence point during a
titration.

Titrations with visual indicators are stopped exactly at the end
point and are designed so that the end point will occur near the
equivalence point (e.g., procedures in Sec. 2:6 and 2-7). However,
where graphical methods of analysis are used (e.g., Sec. 2.8), the
equivalence point may be determined more precisely if one continues to
take measurements beyond the end poiut.

When the pH of & solution is plotted versus the ml of titrant
added, an S-shaped cﬁrﬁe is obtained.- The S-sﬁape occurs as a result
of the very rapid change in pH in the area of the equivalence point.

The equivalence can be detected graphically by determining the point at
which the rate of change of pH is greatest. This point is usually mid-
way along that portion of the S-curve which is most nearly parallel to
the pH axis. It is difficult to locate the point graphically unless the
entire S-curve is plotted.

A number of highly colored orgenic dyes have the property of changing
color when the pH of a soiution is varied between certain limits. These
dyes are called visual acid-base indicators. For a visual indicator to
be gatisfactory for a quantitative acid-base determination, it must change
color'abruptly et a peint which coincides closely with the equivalence
point. Since most visual indicators require a change of 2 pH unité




|
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before théir color change is distinct enough for satisfactory detection,
there must be a sharp change in the pH of the solution in the vicinity
of the equivalence point to permit the use of such an indicator.
Plenolphthalein is useful for the titration of weak acids by & carbonate-
free base; it undergoes a color change from colorless to pink at a pH of
approximately 9.5. The most suitable indicator for carbonate titrations
it a mixture of two particular dyes: methyl red arnd bromcresol green.
This mixed indicator, when used after boiling to remove carbon dioxide,
produces & satisfactory color change from pink to green at a pH of
aprroximately 5.0. The two indicators Jjointly produce & more distinct
and more abrupt ~olor change than either indicator does separately.

2_-2 Preparation 3__£ _B_ugtes for Titrations. By means of small

paper labels, identify each of your two burettes near their tops as

HC1 and NaOH. It is convenient, and tends to avoid error, to always
place the burettes in a given order, e.g., the acid always to the left.
Rinse the previously cleaned burettes (see Sec. 1.6) at least four

times with small portions of the respective solution to be placed in the
particular burette; namely, HC1l in the left burette, and NaOH in the
right burette. Discharge rinsings through the tips of the burettes.

Fill the burettes with their respective solutions to & point con-
giderably above the top graduation mark, and then open the stopcock
completely on each burette until all air bubbles have been removed from
the tip. The final solution level should be just below the 0.00 ml mark.
Do not try to adjust to exactly on the zero mark. Remove drops clinging
to the tips of the burettes by touching against the side of the waste-
solution heaker. Read the lower level of the miniscus formed by the
solution in each burette in such a fashion as to avoid parallax (see
Fig. 2.1). Record these readings in an orderly fashion on a right-hand
sheet in the laboratory notebock (see Table 2-1). The set-up is now
ready for performing & titration.

g Acid-base gag.g ;‘}_Q; Phenolghthalein as 1:‘1‘12 Indicator. Having
recorded the original readings of both burettes, glace a clean 500 ml
wide-mouth.Eflenmeyer flask on the white tile of the burette stand under
the acid burette. Run into the flask, down the side to avoid spattering,
approximately 30-35 ml of the HC1l solution. (It is not necessary to

o>
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record the burette reading at this stage.) It is correct technique to
use vhe left hand, with fingers curled around the burette, to control
the burette cockstop. Use the right hand for rotating the titration
flask to produce proper mixing.

Wash down the sides of the flask with distilled water by means of
& wash bottle, and then add 2-3 drops of phenolphthalein solution.
Since phenolphthalein behaves as a weak acid in the acid-base reaction,
more than 2 or 3 drops of the indicator will produce an error in the
determination of the ratio. Place the titration fiask under the NaOH

‘ burette, and run in this solution fairly rapidiy, with constant slow
rotation to secure proper mixing, until & red color pervades the
entire solution. Discharge the color by the cautious addition of HC1.
Finally, add NaOH, drop by drop, with constant rotation after each
additicn until one drop gives the end point. This is a faint pink

color, just visible against a white background, but persisting at
least 15 seconds. Immediately take and record final readings of both
burettes (see Table 2:1). Discard contents of Erlenmeyer flask, and
rinse at once with distilled water.

Refill both burettes (rinsing at this time is of course unnecessary),

r

read and record. Make a second acid-base ratio determination as before.
Then complete a third in & like manner.

Before prgceeding to Sec. 2-7, which involves the use of a mixed
indicator, calculate the three retios just determined and compute the
mean deviation (see Table 2-1). Use electric calculator or Trive-place
logarithms for all calculations, and it is usually wise to double check

all such computations.

If the mean deviation is less than 4 parts per thousand (a good
analyst can secure 1 to 2 parts per thousand or less) take the average
of the three as the volume of HCl neutralized by 1.000 ml of NaOH. If

this agreement is not obtained, it will be necessary to determine

additional ratios until satisfactory results are secured. Erratic
results may signify that the HC1l and NaOH stock solutions have not
been shaken sufficiently to be homogeneous (see Sec. 2:2 and 2-3).
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Fig., 2°1 Correct Method for Reading a Burette to Avoid Parallax.
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Table 2°1 YVolume-ratio of HC1 and KaOH with
Phenolphthalein as the Indicator
HC1 NaOH HC1/NaC% Deviation
36.46 ml 36.10 ml
0.36 0.20
36.10 35.90 l.‘016 0.002
37.21 m1 26.90 ml
0.34 0.46
36.87 36.44 1.012 0.002
38.41 m1 37.80 m1
0.35 0.21
38.06 37.59 1.013 0.001
Average 1.0l  Average 0.002
Average deviation Cc.002 x 1000

2/M

+
per thousand 1.01k

Therefore, the acid-base ratio is 1.014 ml HC1/ml NazOH with phenolphtha-
lean indicator.

gy S O G
N
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g__-___l Acid-base }_&io E__"b_l_&_ Mixture of Methyl _B_gg' and Bromcresol
% as the Indicator._ Commence the record on & fresh right-hand page
of the notebock. Having refilled, read, and recorded the burette read-
ings, run into a ciéan, wide-mouth Erlenmeyer flask, approximately 35 ml
of the NaOH solution, taking care to avoid spattering., Wash down the
walls of the flask with distilled water, using wash bottle. Add one drop
of methyl orange indicator and titrate with HC1 until a definite color
change is obtained, and then add one ml of HC1l in'excess. Do not take

& buretie reading at this point since more acid is required to complete
the titration. The methyl orange indicator is used to make certain that
the pH of the solution is definitely in the acid range..

Place the flask on & wire gauze and heat over a free flame until

[ —

the solution comes to a boil; ther continue to boil gently for about

one minute. Cool to room temperature, which maf be hastened by running
cold tap water on the outside of the titration flask. Add 2 or 5 drops
of the mixture of methyl red and bromeresol green, and titrate slowly
with NaOH solution until a green color is obtained. Now back-titrate
with acid to & pink color; then add the base a drop at a time until one
drop gives a sharp change to green. It is advisable to approach the

end point by the addition of base in each titration. Read both burettes
and record the results.

In a like manner, run two more determinations using the mixed indi-
cator solution. Calculate the ratios and deviations (see Table 2.1) and,
if necessary, make additional determinations until a satisfactory agree-
ment is obtained. A careful analyst can secure an average deviation of
two parts in a thousand, or less.

Theoretically the diffcrcuce in the ratios obtained with phenolphtha-
lein and the mixed indicator should be about 3 or L parts in a thousand.
However, in practice the difference in the ratios obtained in Sec. 2.6
and Sec. 2.7 may be five parts in a thousand or more, depending upon the
analyst's judgment of the end points. Since the phenolphthaein end
point is obtained in a basic solution, and the end point for the mixed
indicators occurs in an acid solution, the acid-bkse ratios for the two
different indicators cannot be the same. The reasons for a difference
will be considered in the classroom. '
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2.8 Titration Involving 2 pH Meter. The purpose of this titration
is to demonstrate the use of a pH meter in performing an acid-base titra-
ion and to illustrate how the pH of a solution changes as the titretion
proceeds. Due to the limited number of pH meters available for use by
the class, each student wiil be assigned use of a PH meter for only cne
particular day. ALL NECESSARY EXPERIMENTAL WORK WITH THE pH METER MUST

EE PERFORMED ON THAT ONE DAY.

Principles. A pH meter is, in effect, a high-impedsnce volt-
meter which measures the difference in potential between two electrodes,
when they are immersed in & solution. One of the electrodes used is &
saturated calomel electrode, with internal parts composed of & mixture
of Hg and HgaClz (calomel) in contact with saturated KC1 solutions; it
is known as a reference electrode, because its potential remains constant,

&' .op- The other electrode is a glass electrode, also called a pH indi-
cator electrode; a frégile bulb of specially-prepared glass at its tip
causes the electrode's potential to depend upon (i.e., to indicate) the
concentration of hydronium ion in the solution. The potential of the
indicator electrode varies according to the Nernst equatioﬁ_&ind = Egnd +
gg%éﬁi (log1o[H*]). Since pH = -logyolH'], the pH of the solution is
directly related to the potential of the electrode and can be measured
on & linear scale. The net difference in potential between the two
electrodes is:

€ing - Crer = &'53 - Clpep + g‘%ggg (1ogiolH'])

Or) Ae = Ael - 2.n3RT (PH)o

Differences in electrode potential are customarily expressed in "volts"
or " 1livolts".

Before a pH meter is used for measuring the pH of an unknown, it
must be calib; with a solution of constant known pH, & buffer solu-
tion. One dial 1s used to account for ihe temperature of the solution;
in effect, it adjusts the proportionality factor, g—;n—g‘z » to the prcper
value via electrical circuitry. The otuer dial is used to set the meter
needle to read the pH value of the buffer; it subtracts out the value of
the constant, A€', so that the meter reads directly in pH units rather
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of pH meter in use in the laboratory. Carefully examine the one assigned

than in volts (AE). Once the pH meter has been calibrated, it mey be
uged to measure the pH of an unknown solution or of a solution during
titration.

More details about the theory and working of PH meters can be
found in Meites and Thomas, "Advanced Analytical Chemistry", Chapter &,
or in numerous other textbooks of advanced quantitative analysis, .
analytical chemistry, and instrumental analysis. Operating instructions L
for the particular pH meters used in the following experiments are
given in the Appendix.

Graphical titration require no visual indicators, since the graph
provides needed data; however, tuae directions of the present experiment
call for the addition of indicators so that you can observe the pH ranges
over which some indicators chenge color and judge their applicability
in various pX titrations.

The following pH titration is intended merely to be illustrative,

8o it is not necessary to check for precision. Unless the student
obtains & completely unsatisfactory set of PH reedings, which is highly
unlikely, he should make only one NaOH vs. HCl titration. However, in
Secs. 2:6 and 2.7, where accuracy was & primary concern, it was necessary
Yo make several titrations so as to obtain a check on experimental
precision.

Preliminary Operations: (a) There may be more than one type

to you, and refer to the instruction pages and the diagrem for that pH
meter, for directions as to the proper operating procedure (see Appendix).
Caution: At all times when not in use the electrodes should be kept ]
immersed in distilled water, so that the glass tip of the indicator
electrode remains hydrated.

(v) Fin1 your burettes with the approximately 0.1 N NaOH and
0.1 N HC1 solutions, following instructions given in Sec. 2°5 as to the
proper way of rinsing and filling burettes. If the calomel reference
electrode is not at least 1/3 full of saturated KCl solution, see the
instructor for directions as to filling the electrode.

(c) Using the buffer solution furnished with the pH meter,
standardize the pH meter according %o the instrument directioas in the
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Appendix. Recqrd in your notebook the nature of the buffer and its pH
value. (Note: The supplied buffer solution is intended to suffice for
the use of all students in the course; not just for you. Each pair of

. students at the same laboratory bench should share between each other,
one small semple (about 50 ml) in one small beaker. Retain the portion
of the buffer in the beaker until the end of the experiment; it may then
be discarded.) You are now ready to continue to the titration.

Erocedure :for the pH titration of NaOH versus HCl: (Caution:
. During this titration do not allow the electrodes to remain in the

strongly basic solution for prolonged periods of time; a strong base
will etch the glass electrode and ultimately ruin it.)

(a) Set up data in your notebook as follows: (next page)

A A e -
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, G
HC1, burette readings PH reading Additional directions and
observations Eo Be made
0.00 m1
. 2.00
10.00
20.00 Add 2-3 drsops of
¥ phenolpnthelein solution «
22.00 at: this point in the
23,00 titration.
2k .00
e 24.20 Indicate with an arrow the
ol ko reading where the pink
) - color of phenolphthalein
24.60 - disappears.*
24 .80
25.20 To colorless solution, add ,
25 .40 2-3 drops of mixed indicator .
. * solution.¥
(: 25.60
25.80 Indicate with an arrow the
' reading where the green
26.00 color of the mixed indica-
. i ink. %
2 28.00 tor solution turns pink.
30.00
- B , 40.00 - !

¥The indicators are added only for the purpose of showing
that phenolphthaelein changes in a basic solution, whereas the
mixed indicator changes in en acid solution. If you missed

color changes do not repeat~the titration.
**This should be the true equivalence point, 1f the directions |

----------

have been followed properly. The equivalence point occurs at the
half-way point along the steep portion of the titration curve.
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"(b) Find in your notebook the HC1/N20H volume-retio with
phenolphthalein indicator (procedure of Sec. 2:6). Divide your acid-
base ratio, as obtained in that experiment, into the number 25.00. The
result will be the number of milliliters of NaOH Wthh are equivalent
50 25.00 m1 of your HC1l solution.

ml HC1 ml HC1 ml NaOH .
.l . . —————— - [}
For example, 25.00 mroo Toper ¢ L.OLk —o s 24.65 500 w1 HoL J

Transfer the above amount of NaOH (25.00 divided by your acid/
A base ratio) from your burette into a 250 ml beaker. Place.the beaker on
a magnetic stirrer and add sufficient distilled water so that the fragile
electrodes can be immersed in the solution without the possibility of
being struck by the stirring bar. Imserse the (previously rinsed)
electrodes. Turn on the stirrer, and gradually increase its speed until
the middle range is reached.

(¢) Arrange your burettes so that the one containing your HC1
solution extends over the beaker. Run in the amounts of acid indicated

_ in the table on the previous page. After each addition, allowing time !
( } for temperature equilibration, read the pH meter and record your observa-
tion.

(d) When you have finished, remove the beaker containing the "
titrated solution. Discard the solution and wash besker thoroughly. “ r
Rinse %EE;EPe electrodes and immerse them in a beaker of fresh, distilled ;
water. p Unplug the pH meter. Clean off the work space, and store the
unused buffer solution, marking pencil, magnetic stirrer, and stirring

bar where you found them.

Special Laboratory Report for the pH Meter Titration. Using
gravh paper supplied by the instructor, prepare a graph of your pH meter
titration, plotting pH vertically and ml of titrant horizontally. Plot
each pH as a point of the graph, and enclose each point in a small, neat
circle. Using the data points as guides, draw a smooth curve for the
complete titration. Label the graph clearly as to:

(1) Your neme, and the date of the experiment,

(2) Solution being titrated,

( (3) Titrant,

T T S T e e e e |
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(4) Location of the true equivalence point, where the moles of

added titrant exactly equals the moles of NaOH solution being titrated,
(5) Where each indicator changed color,
(6) What pH meter was used.

STANDARDIZATION OF ACID AND BASE SOLUTIONS

2:9 Preliminary Comments. A standard solution is one in which the

concentration of the solute is known to a high degree of accuracy. In
elementary quantitative chemistry, a student strives for an &ccuracy of
2 parts per thousand; therefore, the concentration of an approximately
0.1 N solution of base should be determined to within two parts in the
fourth decimal place, e.g., for a solution whose actual concentration
is 0.1098 N NaOH, determined values may fall between 0.1096 N and
0.1100 N and still provide the desired acéuracy.

The ‘standardization of a solution of base is usually accomplished
by determining experiﬁentally the volume of the base which is equivalent
to a known weight of a pure acidic substance. ILikewise a solution of
an acid may be standardized by measuring accurately the volume of the
acid that is equivalent to a pure basic substance. The extremely pure
chemicals which are used for standardization are known as primary
standards. Frequently, it is more convenient, in neutralization methods,
to standardize either the base or acid solution against a primary standard,
and then to determine the concentration of the ofher solution by means
of a comparison of the acid to base volume-ratio (see Sec. 2°6 and Sec.
2:7). When a standerd solution is used to determine the strength of

another solution by means of a volume-ralio, the standsrd solution is

referred to as a gecondary standard. Theoretically a secondary standard

is not as accurate as a primary standard, but in practice, the convenience
may outweigh the inaccuracy of the method.

A primery standard is usuelly a solid substance about 99.95.pér
cent pure (impurity of 0.5 parts per thousand). It should be relatively
soluble in water, and must react quantitatively with the solution to be

standardized. The comparison of a satisfactory primaery standard is not

-
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. affected by drying, and ideally its equivalent weight should be fairly
high in order that a large sample may be weighed without requiring more f
than a buretteful of solution in the standardization process.

Potassium acid phthalate (KHCgHy04) is the most widely used primary
standerd for the standardization of base solutions. Substances that are
used to a lesser extent are potassium acid “artratc (KHC,H,0g), potassium ,
biiodate [KH(I0s)z], and sulfamic acid (HS0s-NHs). |

For the direct determination of the normality of an acid, the
recommended primery standard is anhydrous sodium carbonate iith a purity
of 99.95 per cent. Since it is impossible to purchase sodium carbonate
commercially of this purity, it is general practice for analysts to
zrepare their own pure sodium carbonate from reagent grade sodium bi-
carbonate by prolonged heating at high temperature. Other substances
which may be used as primary standards for the standardization of acid
solutions are reagent grade calcium carbonate and mercuric oxide. These
latter substances have the disadvantage of veing insoluble in water;
consequently, they must be dissolved in excess acid and back-titrated
with standard base.

The authors have found that students secure more reliable results
for the standardization of the HC1l solution by meens of acid-base ratios,
using NaOH 25 a secondary standard then through the use of the primary

svandards mentioned above. However, the student should be aware of the

possibility of direct titration of the HC1 against a primary standard as

& method for the standardization of this solution.

Pt el el

2-10 Stendardization of Base Solutions.
Preliminary Operations: Pure potassium acid phthalate (fre-
quently labe.led potassium biphthalate) is to be founc on the side shelf.

Weigh approximetely 4 grams of this subsSance, on a piece of glazed paper,
and transfer to a clean weighing bottle. Your name should be marked with
a grephite pencil on the ground glass portion of the bottle, with the
letters KHP to identify the cohtained subétance. Pub the weighing bottle
and material (with the bottom of the bottle cradled in the up-turned top)
in the drying oven, and dry at 1105 for at least one hour. Stopper the

( bottle and place in the desiccator until needed.

‘
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Wash three wide-mouth, 500 ml, Erlenmeyer flasks, rinse with small
portions of distilled water, and label flasks A, B, and C. The flasks
need not be dried. Prepare a right-hand page of the notebook for re-
cording the date of this experiment following the general form shown in
Teble 2-2. Proceed to the balance room with tlasks, notebook, and
desiccator containing the weighing bottle with the dry potassium acid
phthalate.

Weighing the Samples: It is customary to handle a weighing
bottle with a paper shield, i.e., a folded strip of paper encircling
the bottle and held tightly to the body of the bottle by means of the
~ends of the strip.

The weighing bottle containing the dry material is first weighed,
che weight recorded as in Table 22, and then the estimated amount of
meterial is transferred, by cautious pouring, into the flask in which
it is to be treated. The weighing bottle is closed and again weighed;
the loss, or difference, in weight represents the sample teken. Four
weighings are required for three samples. In the transfer of material,
as descr%bed above, it is necessary that all of the sample leaving the
bottle shouid be caught in the container. It is poor practice to
return material from the receiving vessel to the weighing bottle since

the receiving vessel is usually not dry. It is necessary for the

e A G YR By P s e <5 AR ey et

student to learn by practice how to estimate the approximate sample
weights.
Accurately weigh three samples to four significant figures (about
0.7 - 0.9 each) of pure potassium acid phthalate into the three labelled
titration flasks. Record these weights and subsequent data in the note-
book as indicated in Table 2-2.
Titrations: To each of the flasks add 75 ml of distilled

water (measured in graduated cylinder) and 2-3 drops of phenolphthalein -

solution. Rotate flasks gently to hasten complete mixing.

Drain the water from burettes, rinse four times with the respective
solutions to be used as instructed in Sec. 2°5, f£ill the burettes properly,
take readings and record as indicated in Table 2.2. The acid solution is

not used except for back-titration. However, the burette must be filled
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u for each titration to avoid errors arising from lack of uniformity in
the burette tube. )

Place flask A under the NaOH burette, end edd the base solution
with rotation of the flask to insure miring. The NaOH may be added
rather rapidiy as long as the pink color, produced on the first contact,
fades quickly on mixing. When the color commences to disappear more
slowly, decrease the rate of titration and finally complete it drop by
drop, seeking a dead stop end point. Stop at the usual phenolphthalein
end point, i.e., when & single drop produces a faint pink which lasts
for as much as 15 seconds. Take the burette reading and record.

Back-titration: Should too much NaOH be added (over-titration),
the situation may be saved by adding a measured volume of HC1l for which

you have an acid-base ratio from Sec. 2'6. After enough HC1l has been

added to meke the solution colorless, proceed to the usual end point by

drop-by-drop addition of the base. Sample C in Table 2.2 illustrates

& hypothetical over-titration with proper ceaiz»lations. The acid-base
- ratio is also hypothetical, and is the one given as an example in Table

L 2.1,
Results irvolving back-titrations are not as reliable as those
secured with dead stop end points, because the former involves four
burette readings for each result, whereas the latter involves only the

two readings on the base burette. However, overly prolonged titrations

allow carbon dioxide from the air to react with sodium hydroxide in the

burette, with possible change in the normality of the base.

2+11 Standardization Acid Solution ‘gx_ ggmparison gth Base

Srlution. The most convenient method of standardizing the HC1 solutions
eae————

is through the use of the NaOH as a secondary standard in combination

with the acid-base ratios. The hypothetical values indicated in Secs.
2°6, 27T, and 2-10 #ill be used to illustrate this method.
In Sec. 26 and Table 2:1 the acid-base ratio (HC1/NaOH) with
pherolphthaléin as en indicator was assumed to have the value in 1.01%.
No value for the acid-base ratio with the mixed indicator,‘Sec; 27,
was conjectured, but for the purpose of this explanation w= will assunme
® that a value of 1.019 was obtained. As was explained in Sec. 27,
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Table 2°2 Standardization of RaOH Solution with Potassium Acid Phthalate

Weighings: A B C
Wt. of KHP + bottle (before) 26.0297  25.3241 24,5764 g
Wt. of KHP + pottle (after
removal of.sample) 25.32%1  2h.576%  23.79h1
Weight of samples: 0.7056 0.7h77 0.7823 j
Burette readings: A B C |
HC1 NaOH HC1  NaOH HC1  NaOH

0.4k 31,78 0.l 33,68 1.7 36.71 ml
0.lh  0.26 0.kl 0.36 0.1k 0.56

0.00 31.52 0.00 33.32 1.29 36.15
(Hypothetical ratio of HC1/NaOH = 1.014 with phenolphthalein from Table 2-1)

.- . _ Weight of sample of KHP
General formule: V= 11 of NaOH x milliequivalent weight of KiF

) _ §
In case of back Weight of sample of KHP

titration: ¥ = Ti of a0 - (ul of HC1/ratio)] x meq. wt. of KiP
Caculations: Devi.tions:
Sample A N = 0.7056 g = 0.1096 meq/ml  C.0002
. 31.52 ml x 0.2042 g/meq
o> 1 AL coam omm
_ 0.7823 _
Sample C N = 3p3r—(1.00/1.000)] 5 6.2068 = O-109¢ 0. 0000

Average = 0.1098 N 0.0001

Therefore the normality of the hypothetical base = 0.1098 N B
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these ratios are necessarily different. Consequently, the normality of
the HC1 will have two values; one value when used with phenolphthalein
as an indicator, and the cother value when used in titrations in which the
mixed indicator soluvion is invoived. Using the velues assumed in the
preceding sections we can arrive at the following normalities for HC1:

With phenolbhthalein: Normality of base _ 0.1098

(See Sec. 2:6) HC1/NaOH ratic  ~ 1.01F 0.1033 N
With mixed indicators: Normslity of base _ 0.1098 0.1078 N
(See Sec. 2:7) HC1/NaOH ratio ~ 1.019 ~ °°

The student must realize that 81l of the values given in the pre-

ceding sections are merely illustrative for the purpose of explaining
how acids and bases may be standardized. The student's experimental
valves may vary considersbly from those used in the examples.

Important: In the exercices invoived in the analyses of unknown
acids and bases, which are giveu in this chapter, the student will use
the normality of the acid (with phenolphthalein) orly in back-titrations
involving the determination of the percentage composition of an unknown
acid sample. The normality of the acid (with mixed indicator) is used

in the analysis of impure soda ash.

ANALYSES OF ACTD AND BASE SAMPIES

2:12 Preliminery Comments. In the anaiyses of acid samples the

instructor has & choice of giving che student pure solid aclds or acid
salts for the determination of equivalent weights, or requiring the
analyses of impure acids for percentage compositions.

Among the solid acids snd their acid salts which may be obtained In
a degree of purity necessary for equivalent weight determination, & few
mey be listed as follows: :t.ccinic acid, benzoic acid, oxalic acid,
sulfamic g2id; potassium bioxslate. Any of these substances can be
issued a3 solid unknowns from which weighed samples mey be titrated
with standard NaOH to secure equivalent weight values.  The general

formula is as follews:
(weight in grams of the scid) x (1000 mg/g) _ mg
(ml of NaOK used) x (N of NaOH) meq

Squivalent weight =
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however, the widely differing equivalent weights of these substances
crestes a problem for the instructor in writing up laboratory procedures
which can be used in highly precise equivalence determinations for a
variety of the compounds. For exasmple, & sample of oxalic acid would
require approximately six times the volume of stendard base as wouid be
required by the same weight of potassium biiodaie.

The instructor usually finds the most satisfactory solution to the
problem of acid analysis is the use of samples of impure potassium acid
phthalate. Such samples are commercially available, in varying percentage
compositions which have been determined by professional analysts. A
procedure for the analysis of potassium acid phthalate samples containing
known quaentities of inert materials is given in Sec. 2.13.

' Very few substances are satisfactory as unknowns for student analysis
of base constituency. However, certain carbonates, particularly scdium
carbonate and calcium carbonate, have been used quite suécessfully as
unknown samples in elementary quantitative analysis. Sodium carbonate

is more desirable since it is water soluble, whereas calcium cafbonate

is not. Commercial samples of sodium carbonate are available containing
known quantities of inert materials. Usually the combination of sodium
carbonete with an inert material is designated as soda ash, and the
procedure for the analysis of such samples is contained in Sec. 2.1k,

Although the particular choices of acid-base unknowns used in
exercises 2-13 and 2-1k are dictated by the academic considerations
above, it should be emphasized that comparable acid-base analyses are
encountered in research and quality control laboratories throughout the
vorld. There the analytical chemist is faced with the additional
problems of selecting the size of sample to use, the best indicator for
vhe analysis, the appropriate concentrations for the titrants, ete., --
problems which, for lack of student laboratory time, have already been
answered for you in these particular exercises.

. 2:13 Anmalysis of an Acid Semple.

Principles: The equivalént weight of any acid msy be calcu-
lated by dividing the formulae weight of the acid by the number of protons
(custemeriily referred to as hydrogen ions) furnished by each acid molecule
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or formula group in the reaction. For potassium acid phthalate, which
yields one proton per hydrogen-phthalate ion, the equivalent weight is
(the formuls weight)/1.

A gram equivalent weight (or an equivalent) of an acid is that

quantity of acid which furnishes a mole of protons (1.008 grams of
protons). An equivalent of acid will neutralize an equivalent of base
(e.g., 40.01 g of solid sodium hydroxide or one liter of a normal
solution of sodium hydroxide). Similarily, a milliequivalent.of acid
will neutralize a milliequivalent of base (e.g., one ml of & normal

solution of base). A general relationship may be written: - (ml of

I . ___ wb. of pure sample (in grams)
titrant x N of titrant) = milliequivalent weight of sample (in g/meq)

The present exercise is concerned with the analysis of a known acid
(potassium acil phthalate with an equivalent weight of 20%.2, or 0.20:2
g/mey) of unknown purity. The general formule for calculating the

per cent purity of the acid is:

4 of pure scid - fhe weight of pure acid as determined by titration

the total weight of impure acid x 100

_ (ml base x N base) x milliequivalent wt. of acid
- weight of impure sample in grams

(ml NaOH x N NaOH) x 0.2042 g KHP/meq x 100
4KHP =
- g of impure KHP

x 100
Therefore,

Note gﬁat this formule is mer~; a modification of that given in Sec. 2-12
for determining an unknown equivalent weight for a pure acid.

Procedure: Secure an unknown sample from the instructor, and
dry it in an oven at 110° C for a period of at least an hour. The dried
sample is permitted to cool (in desiccator) for approximately 20 minutes.
It is acceptable prsctice to always store dried samples (in weighing
bottles) in the desiccator except when portions are being weighed.

Proceed to the analytical balance with the dried unknown (in desic-
cator), and weigh accurately (to 0.1 mg), three samples of approximetely
one gram each, into plainly marked 500 ml wide-mouth Erlenmeyer flasks. i
Record the weighiags and the subsequent titrations, as well as the calcu- .
lations pertaining to them, in much the seme manner as the sample data
shown in Teble 2.2.
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‘Z) By means of a graduate, add 75 ml of distilled water to each sample,
and dissolve the camples by gentle rotation of the flasks. Add 2-3 drops
of phenolphthalein indicator solution, and titrate with your standard
NeOH solution, seeking a dead-stop end point. Calculate the results
according to the formula given in this section for obtaining the per-
centage :omposition of impure potassium acid bhthalate.

If the end point is overstepped, add a measured voiume of standard
HC1 from the acid burette until the solution is colorless, and fﬁén
complete the titration with NaOH. Subtract the milliequivalents of -
HC1 used in the back-titration from the total milliequivalents of
NaOH necessary for the titration. In & calculation of this kind

~ 1

4 -

the formula on the preceding page is modified to the following:

[(ml of NaOH x N) - (ml of HC1 x N)] x 0.2042 g/meq x 100
Weight of sample in grams

= % of KHP

Precision: With careful work a student should be able to

attain a precision of 2 or 3 parts per thousand for the analytical %

M

results of the foregoing analysis. A precision of more thzu 5 parts
per thousand would indicate that additional samples should be analyzed.

Note that errors in weighing, as well as errors in titration, may pro- |

duce imprecise and inaccurate results. _

Report: The report (for this unknown and all future analyses)
should be submitted on a loose sheet of paper, 8 l/2 X 11 inches in size.
It should be a copy of the weighings, titrations, and the set-up for
the calculations pertinent to the analysis. These details should be ;
entirely complete, and in a neat, tebuler form. All such reports will »
be retained by the instructor in case future reference to them is

necessary.

2:14 Analysis of a Base Sample.

. Principles: Soda ash (impure sodium carbonate) is used as an 4

R

upknown substance for student determinations because it is a typical _ :

:ig solid of an alkaline material, and offers an exercise in the use of |
' mixed indicators and in back-titration. Because of the physical nature

By ¢ of soda ash it is sometimes difficult to obtain samples of & high degree
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of homogeneity. Even 8o, it seeus preferable to weigh out individual
semples of this material rather than large samples for use in "aliquot
portion” techniques as deseribed in meny laboratory procedures.

The formula weight of sodium carbonate is 106.00. Since each
carbonate ion reacts with two hydronium ions, according to the
equation:

COs” + 2Hg0t o 2 H0 + COg,
the equivalent weight of sodium carbonate is one half of the formula
weight, or 53.00. Consequently, the milliequivalent weight of sodium
carbonate is 0.05300 (units: g/meq). The end point in a soda ash
titration is reached by first adding an excess of acid titrant and
then back-titrating with base titrant; therefore, it is necessary to
subtract the millieguivaleuts of base titrant from the total milli-
equivalents of acid titrant used for the soda ash. The resulting
formule for analysis of an impure sample of Na=C0s is:

INasCOs = determined weight of pure NapCOs
82Y58 = “total weight of impure NazCOs

_ (net meq acid used) x 0.05700 g/meq x 100
- g of impure sample

_ [(m1 HC1 x N HC1) - (ml NaOH x N NaOH)] ¥ 0.05300 &/meq x 100
- g of impure sample

The normality of the HCl used here is that obteined with mixed indicator
solution.

-

x 100

. Procedure: Weigh, to the nearest tenth of a aiiligram, three

~ samples of soda ash (properly dried in oven) of about 0.4 gram each, and

place each sample in a clean 500 nl Erlenmeyer titretion flask, marking
each flask for identification as A, B, and C. Dissolve each semple in
about 50 ml of distilled water.

Add lidrop of methyl orange indicator to sanple A and titrate with
standard HC1l until a definite color change &8s obtained, and then add 1 ml
in excess. Record original burette readings, but do ncot meke a final

- burette reading at this point since more acid is required to complete

the titration.

Place the flask on a wire gauze, and heat over a free flame until
the solution barely comes to a boil, then continue to boil gently for 1
minute to evolve the carbon dioxide liverated from the sample. Cool, by
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means of tap water on side of flask, add 2-3 drops of bromcresol green--
methyl red indicator, and titrate slowly with standard NeOH solution
until a green color is obtained. Now back-titrate with acid to a pink
color, then add base dropwise until one drop gives a sharp change to
green. Tt is advisable to approach the end point by addition of base
in each titration. Read both burettes, and record final readings.

Keep records as in preceding sections.

Titrate samples B and C in like manner, and record the results of
your titrations. From the net milliequivalents of acid used, and the
weights of the unknown samples calculate the percentage of NagCOs in
the original material, as indicated under principles in this section.
To repeat, it is essential that the normality of the acid be that
obtained with mixed indicator solution.

The agreement of values between samples A, B, and C should be
within 4 parts per thousand. If not, additional samples should be
determined. Fill out a complete report sheet as in unknown No. 1.

SUMMARY

-

Neutralization methods, frequently designated as acidimetry and
alkalimetry, ure used throughout the entire field of chemistry. It is
impossible to find any segment of chemistry, be it organic, inorganic,
analytical, physical, biochemical, industrial, or any other branch of
chemistry, which does not depend upon neutralization methods for some
purposes of control and research.

Most acid-base reactions take place in water solutions; however,
many other solvents have been used as reacting mediums for such re-
actions. The equilibrium of the hydroxide and hydronium ions in water
is a controlling factor of many chemical processes. Topics relating to
acidimetry and alkalimetry are too numerous to be listed in this summary;
however, any chemistry-oriented student is urged to supplement his
experiences in these exercises by additional readings in more advanced
texts. '

Chapter 2 includes only the minimum essentials for the introduction
of neutralization methods for a one-semester course in quantitative
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.‘chemistr‘r. Two importent anelytical tools, the volumetric burette and
the pH meter, have been introduced with approprisate experimentation to
indicate their importance. The burette is the most widely used imple-
ment of titrimetric methods, whereas the pH meter has a veriety of
uses in graphical analyses. Both tools will be involved in later
experiments.




Chepter 3
REDOX METHODS

PERMANGANATE PROCESSES

2;$ Preliminary Comments. Many ions may be quantitatively oxidized

or reduced on a variety of analytical processes. The variety is so great
that it is impossible to examine them in an elementary course. It may
suffice to state that redox methods are more widely used than all other
volumetric methods combined.

Important oxidizing agents, which are frequently u. .d in standard
solutions include potassium permanganate, potassium dichromate, ceric
ammonium sulfate, iodine, and potassium iodate. Reducing agents used
in the form of standard solutions include sodium oxalate, sodium
arsenite, ferrous ammonium sulfate, and sodium thiosulfate.

Potassium permanganate is probably the most widely used of all
volumetric agents. It is a versatile reagent in that it may be used
to determine many substances by direct or indirect titrations, and may
be controlled to produce products in several oxidation states. It also
has the peculiar advantage over most other titrants in that the highly
colored MnOs4~ ion serves as its own indicator.

Several disadvantages attend the use of permanganate solutions,
which are listed as follows:

(1) In preparing KMnO4 solutions it is necessary to remove MnOa,
by filtration, which may be present as an impurity in the reagent, or
which msy be formed by a reaction betweei: MnOy~ and impurities in
distilled water. The presence of MnOz catalyzzs the decomposition of
KMnO; soluvions.

(2) An aqueous solution of permanganate is not completely stable
because of the tendency of the ion to oxidize weter and traces of organic
material in distilled water o produce MnOs and oxygen. Although this
decomposition reaction is fairly slow it may necessitate the occasional
restandardization of the solution.

(3) There is a féndency for the pérmanganate ion to oxidize the

chloride ion when hydrochloric acid occurs in a titration mixture as a

preliminary solvent.
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(4) There evre anerouq possible reevtlon productb in permanganate

~oxidation =h,e°s the titrations are carried out under rlgc;ous bpe01f3°d

conditiyns.

Iu.oplte of the disadvantages ;ecogn;zed.as occurring wmth the -use

' of Mn0,~ as an oxidizing agent, many determinations have been extensively

studied end have been found to be highly accurate when properly performed.

3.2 Prgpar:a'tion of Aprroximstely 0.1 N KMnQ.. To a strongly acid

solution the vermangenate ioniis reduced to the mauganoas ion according

to the following hélf—reaction:

MnOs” -+ 8 HF = MaH + b H0

Such a solution is a powerful. cxidizing agent, with a. standard oxidation"

potential of -1.52 volts. Five electrons ere required in the.redox

" process indicating that the equivalent weight of potassium permengsnate

is one-fifth of its formula weight.

KMn0y/5 = 158.04/5 = 31.61
To prepare e 0.1 N KMnO; requires one-tenth of the equivalent weight in
grams of the reagent dissolved in sufficient water to prcduce one liter
of solution.

Using e laboratory trip-beam balance, weigh on a watch glass a

" 3.25 gram portion of KMnO, crystals. Divide roughly, haif-and-half,

between two clean 600 mL beakers, and add approximately 500 ml of
distilled water to each. € ver beakers with 6 inch watch glasses and
heat to boiling. Place the hot solutions, still covered inside the
désk for a period of at least 24 hours. o ;

_ As part .of the same work, clean with.'«céhromiéc acid cleaning solu-
tion a 500 ml1 side-arm fiitering flask, and & one liter glass-stoppered
bottle. After cleaning and thoroughly rinsing, leave these containers
in a suitable position %o drain for 24 hours.

Before storing away the filter flask prepare a Gooch crucible with
an asbestos mat of approximately 1.5 mm thicknesz. To prepare the mat,
shake the shelf-reagent bottle containing asbestos soup (a mixture of
water and a small amount of acid-washed asbestos fikers), then pour the
soup into the crucible, with suction partly on, as indicated in Fig. 5-1.
While the soup is passing through the crucible, tamp the map into forma-
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tion with a Stirring rod whose ends have been well-rounded by fire polisn-
ing.es: A p;oparié ‘preparad mat- 2an e Y stinguished. by icoking throwgh the .
crucible toward a strong light. If no .ight can be seen, the mat is too
thick. -If the heles of.the crucitle are visible the mat is too %thin. If
a small amount of llght can be observed through the mat it is of suitable
thickness.

After 24 hours, or' more, have elapssd the z_éermarig'ariate solution may
be filtered. - In flltering the solution arrange the Gooch. crucible as’. .

| showniiin Fig, 3°1. Be certain to insert a saféty bottle between the

filter Tlask and the aspirator, otherwise tap water may be sucked
acc1dentally 1nto the f11ter°a permanganate. It will be necessary to
empty the fllterlng flask Qeveral times durlng the filtration.

.~ Store-the filtered psrmanganate solutlon in a clean one-iiter
giéss-stoppgred bottle, and keep in the dark when not in use. When
properly prepared, and protected from heat and light, the solution is
sufficiently stable for quantiiative work ower a period of several

ﬂ! weeks. Aay decoﬁposition can be recognized by the deposition of a

brown coating of MnOs on the walls and bottom of the storage bottle,

3:3 étandardization of KMnQOs Solution. Potassium permanganate

-is not available in sufficient purity to be weighed directly as a
standard. I% is customary %o prepare an approximately 0.1 N solution,
and then titrate the solution against a primary standérd (see sec. 2;9).
The most frequently used standards are sodium oxalste, arsenious acid,

and iron wire. Of these, sodium oxaldte, of a high degree of purity,

is the most satisfactory for student use. The overall reactions of

permanganato o un sodium oxalate are given in the following equatlons-

2Nat + Cp0," + 2 H' = HCoOp + 2 Na@
2Mn0y~ + 5 HoCo04 + 6 HY = 2Ma™ + 10C0- + 8 Ha0

Weigh out to the nearest 0.1 mg three samples, between 0.2500 and
0.3000 g, of previously diied NapCo04, and trensfer the samples to wide-
mouth SOO‘ml.Erlenmeyer flasks (properly identified). Dissolve each
sample in & solution of 100 ml of 1.5 N HoSOs (prepared by dissolving
Q‘f 13 ml of concentrated H2SO; in 300 ml of water).
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Fig. 3-1 Tiltration of permanganate solution through Gooch crucible.
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Heat the solution to a temperature between 8C and 96° C, messured -
-:W1th 2 thermomste Onie 1noroauced~1nto_the-flabx, .the thermone Ser-
must not be removed until the titration is completec. Titrate with
permenganate with constant swirling, but be certein that the te. perature _
is meintained gbove 70° C.at all ‘times. At first the permangenate
should be added drop by drop, with sw1r11ng after each addition until
the colér disappears. After several dvops have been ‘added the perman-
ganate mey be added fai:lx_rapidly with constant swirling. Toward the
end of the titration particular care must be taken to allow the color.
*f% produced by each drop, to disappear before the addition of the next,

:i?' in order to avoid overstepplng the end p01nt. Titrate to the first
o . permanent falnt plnk color, which should last about 15 seconds.
-~ R ' From thg data obtalned, calculate the normallty of the permdnga-'

nate solution. Duplicate values should theek: within two parts invone
thousand. If the average deviation is more than four parts per thousand
) the exercise should be repeated.

o g! The half-reaction of oxelic acid (derived from sodium oxalate) in-
volves two electrons for each formula weight of the oxalic acid, &s is
indicated in the following eqﬁation:

HoC20p = 2H- + 2C0s + 2e”

Consequen tly, the- equlvalent weight of sodium oxalate is one-half of its =~

. ‘ formula weight, and the normality of the permangenate may be obtained
from the following formula:

Weicht of dried scdium oxalate in grams
ml of XMn0y x 0.05700 g/mey

= N of KMnO, solution

34 Analysis of an Iron Ore with Permanganate. The principal iron F

ores occur in some form of an oxide. Treatment of the ore in the deter-

mination of iron consists of three separate steps: (1) solution of the ;
sample; (2) reduction of the dissolved iron to the ferrous state; and _
(3) titration of the ferrous ions to the ferric state with standard . 1
permangenate. A number of precautionary measures are necessary within .
each step. These measures are included and explained within the detailed i
procedure for the analysis.
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After a portion of the ore has been dried for an hour or more, at
I.']..'L(.\»0 C, weigh th:ee-samgles accurately on the—analyticai ba;ance;; The .-
weights of the samples should fall between 0.3000 and 0.4000 g. Trans-
//; : fer the weighed samples to 500 mltwide-mopth.Erlenmeyer‘flasks, and
‘ ' dempen each sample with a few drops of distilled water. The purpose
‘ of the molstenlng is to prevent any loss of the finely divided powder‘
- - i Add 15 ml of concentrated hydrochlorlc acid to each sample, cover
-~ . .- with watch glasses, and heat gently with an open fleme ( PERFORM THIS
OEERATIQF IN A HOOD) until the samples are disintegrated as indiceved
by the diseppeurance ct all dark particles of the original sample.
Keep the volume fairly constant by additions of dlStLlled water, if
necessary. The solution process usually requires about 30 minutes.
When disintegration is complete there may be a residue of white or
gray siliceous material, but such a residue is to be ignored. The
resulting solution is yellow in color and contains a mixture of
ferrous and ferric iors. The latter is probably a chloride complex
gs‘ with a formula of FeCly .

The following procedure is to be followed for each sample indi-

vidually, from stannoug reduction through the permanganate titration,

because ferrous ions are not staeble over an extended period:

Heat thé individual sample nearly to boiling, and add stannous
chloride solution dropwise until complete reduetion of ferric ions is
accomplished as is indicated by the disappearance of the yellow color.
However, there may remain a faint greenish-blue color which is

S/ characteristic of the ferrous ion.- Avoid an excess of more than two

| ' ' drops of stannous chlorlde. The ec-ation for the stannous reduction

| is as follows:

{ o FeCl,~ + Sn'F 2 Fet* 4+ SnClg. + 2CL

e Cool the flask completely by running cold water over the outside
L' of the container, and without delay add rapidly 25 ml of mercuric
chloride solution. (If the reagent is not added rapidly, & local excees
cf stannous ions may cause the reduction of HglClo to'Hg insteal of
HgaClp.) A small wbite silky precipitate of mercurous chloride should

result. If the solution is gray or dark in color it shuuld be dis-
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carded. If there is no nrecipltate, 1nsuff1°ient stannous chloride was
used, and Such. a soluticn should Jlkeulse be discerded. The puzpose.of.. -.

adding the mercurlc chloride is to aestroy excess stannous-ions:

. Sn** + -2 HgClp + - h CI~ = SnClg +. Hggﬂlg _
Dilute the solution to. approx ‘mately 300 ml W1th distllled water,
and then add 25 ml of preventive (Almmermann-RelnhardtW solutlon. Thls
" solution contains a mlxture of manganous sulfate, phosphorlc acid and .
sulfuric acid. ~The ‘manganous sulfate lowers the oxid1z1ng potential of -~
the permanganate-manganous systeﬁ and thereby inhibits the possible
oxidation of the chloride ion. Phosphoric acid forms a colorless com-
plex phosphate with ferric ions, possibly Fe(P04)2-“", and thus prevents_

}:. ’ the formation of yeliow FeCl, icns during tltratlon, Wthh would

} " T 'Obdhure the permanganate edd point.

l Titrate immediately with standard permanganate solution, with

E constant whirling of the flask, to the appearance of a faint pink

‘7 color which remains,for 15 seconds. Rapid titrations give wmore
accurate results hy decreasing the likelihood of side reactions.
Compute and report the average percentage of Fe in-the iron ore.

The results should agree within three parts per thousand. The formula
for the calculdtion™is'as follows: ' | '

(ml of XMnCs x N) x 0.05585 g/meq Fe x 100

Weight of sample in grams = % of Fe in ore

3-5 Technigues of Filtration with Filter Paper. The use of filter

1 gper 1s usually restricted to. grav1metrlc procedures in which a substance
is precipltated, washed, then ignlted to constent weight. However, the
determination of calclum.by indirect analysis with standard permenganate,
as given in Sec. 3+6, is a useful volumetric determination, vhicﬁ requires
quantitative precipitation and subsequent quantitative filtration of;"
caleium ions as calcium oxalate, prior to volumetric titretion.

Most quantitative filtrations require 11 cm, acid-washed, papers
that may be procured in coarse, medium orifine porosities, This size
filter paper is customarily fitted into a fluted glass funnel, which has

q!? an angle of 60 degrees and a diameter of 65 mm.

The process of folding the filter peper and fitting it into a funnel

involves essential but simple techniques. As indicated in Fig. 3+2, the
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\nearly_right_aggles_tq.the Tirst fold. A cone is»itgge@,.wheg epeneﬂh

" speed up flltratlon. This' is a questlonable proeedure which is qplte'

filter paper is folded agpng its diemeter, ‘and agein along the radius at

which has an angle of 60 degreaes. HMoisten the cone and insert it

securel& into a .fluted funnel. Using the fingers, rress the top. part
of the peper into close comtact. with the ‘funnel. (Older procedures

have suggested that the outer top corner of +he cone be torn off to

unnecessary with fluted funnels.)

Place‘the.properly prepared funnel and filter paner in a slot of

8 wooden funnel support, with the receiving.beaker underneath. It is

good technique for the stem of the funnel to touch the receiving ressel

to avoid spattering.

In-a quantitative precipitatibn the precipitate usually is-aged by

3tending to increase crystal size; the liquid above the precipitate is

called the supernatant liquid. After proper ageing (or digesting) the

supernatant liquid is poured cautiously down a stirring rod, Fig. 343,

taking care that the level of the liquid does not come within 1/4 inch

of the top of the filter cone. As far as possible keep the bulk of

the precipitate in the beaker. A precipitate on a filter paper cannot

be washed as.thoroughly, or as rapidly, as in the beaker.

To minimize solubility losses, th& precipitate should be washed -
with the smallest practical quantities {usually 10-15 ml) of liquid.

During each washing, stir the precipitate with the liquid in the

original precipitation beaker, and allow to settle; then pour the

supernatant liquid through the filter, still seeklng to keep the bulk

of the precipltate in the beaker.: Usually five washlnpa are sufficient.
3:6 The Determination of Calcium in’'CaCOz with Permangenate

Solution. A weighed sample of impure calcium carbonate is dissolved in

acid, and the calcium is precipitated as insoluble calcium oxalate by

the addition of ammonium oxalate end ammonia. Thz precipitated caleium

oxalate is filtered quantitatively and washed free of excess oxalate.
It is then dissolved in dilute sulfuric acid, and the resulting solution
titrated with standerd permangenate. The amount of permanganate re-

quired to oxidize the oxalate £s a measure of the total calcium. The
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redox reaction is essentially the same as the cne given in See. 33,

Note._ “Phe samples furnished 1n thls expnrlmfnt contaln no materlal

1nsoluole in acid and no ion other ‘than calclum Wthh ean be pr901p1~

tated as the oyalate._ When the method is used for the analysis of native

limestone, interfering substancep must be removed by lengthy prellml—
nary procedures.

. Weigh eccurately on the analytical balance thres.samples between
0.3000 and 0.4000 g each. Transfer the weighed samples to 400 or 600
ml beakers, {properly identified, e.g., A, B, and C) and dempen each
sample with distilled water from wash bottle. Cover'each besker with
a watch gless,and, teking care to avoid loss by efferveécence, introduce
approximately 10 ml of 6 N HC1l under each watch glass with the aid of a
pinztte. When the evolutlon of carbon dicxide has ceasew, add 10 ml of

distilled water, and warm gently if necessary to effect complete solutlon.
Wash down, into the beakers,. anything on the underside of the cover
glasses, and then dilute to about Z00 ml with distilled water. _

By means of a graduate add to each beaker 20 mi of 0.25 ¥ ammonium
oxalate solution, Heat to gentle boiling ¢nd, if any precipitéte or
turbidity remains, dissolve by the cautious addition of 6 N HCl. To
the hot solution add 6 N ammonia gradually until a strong odor of

. emmonia persists after stirring. ILeaving the stirring rods in the.

beekers and covering each besker with a watch glass, set aside until

the next period or for at least 18 hours. Note. In every quantitative
precipitation, it is customary technique to provide each beaker with a
stirring rod having fire-polished ends.” Once placed in the solution, a

stigring rod must remain there during the remainder of the analysis ex-

cept when held in the hand. If laid down, adhering meterial will be -
lost and impurities may be introduced. o RN
The technique of quantitative filtratiog is discussed in Sec. 345,
which should be read carefully before continuing th: calcium determination.
Only Quant}tative filter paper of medium porosity, e.g., Whatman No.
40, should be.used for filtering the celcium oxalate precipitste. Obtain

this paper from your instructor. (Quantitative filter paper is quite ex-

pensive and, to avoid waste, is not issued in the desk kit.)




—m—— e e e e — e e e e e ————— . — - -— T it S ke Mt » - = Ll XL

}
-

62

Obse. ving all the precautions expleined in Sec. 3.5, Pilter the solu-
ticn from the precipitation sample A through 11 cm quantitative filter
peper in & fluted glass funnel. (Each funnel is identified for each pre-
cipitate, e.g., A, B, and C, and suppourted on & funnel rack over containers
to receive the supernstant liquids and washings. Never use suction with
filter paper,) Samples B and C may be filtered simultaneously with A
through two other filters. As far as possible leave the precipitates

in the original beakers. When all of the liquids have passed through
the filters, discard the water-clear filtrates. Wash the precipitateg
repeatedly with small (10-15 mi).portions of cold distilled water con-
taining a few drops of ammonia water. After threéjor four washings,
test the filtrate for the oxalate ion. Continue the washing until a 10
ml portion of the last filtrate gives no test for the oxalate. (Too
many washings will dissolve a precipitate and cause the analysis to run
low.) Note. Test for the oxalate ion in the washings as follows!
Collect approximately 10 mi of the filtrate in a test tube, add 1 ml of

5 N HoS04, and heat nesarly to boiling; then add one drop of potassium
permanganate solution. If the piﬁk color remains, the absence of the
oxalate is confirmed. As long as the pink color is bleached, the
washing should be catinued.

When the test for the oxalate ion is negative, remove the filter
paper from the funnel and place it, with its contents, in the original
beaker containing the bulk of tlL> precipitate. By means of a graduated
cylinder, add 100 ml of 3 N sulfuric acid® and warm gently with stirring
to dissolve the calcium oxalete. Dilute with 100 ml of distilled water,
and heat nearly to boiling. Titrate the Lot solution with standard
permanganate. The presence of the quantitative filter paper will not
interfere with the end point reading.

‘It is customary to calculate calcium in terms of Ca0, which has a
milliequivalent weight of 0.0280%. The formula for the calculation is
given as follows:

(ml of XMnOs x N) x 0.0280% g/meg x 100
wveight of sample in grams

*Note. If the sulfuric acid is & great deal stronger than 3 N, it will
cause the potassium permanganate to oxidize the filter paper; consequently,
the analysis will not be reliable.

= % of Cal
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SOME IODINE PROCESSES

: 2;1' Preliminary Comments. Iodine is a weak oxidizing agent as com-
pared with potassium permangsnete. It can react quantitatively only with
substances which are active reducing agents. Among the limited number of
subsvances which cen be oxidized quantitatively with'iodine are HoS, HoAsC3™,
and H>S503. On the other hand, the iodide ion may be feadily oxidized to .
molecular iodine by most strong oxidizing agents. The use of iodine methods
is largely due to the fact that starch in an iodine-iodide system is the
most sensitive visual indicator in quantitative chemisSry.

Since iodine may be either reduced or produced by oxidation, there
are two different types of iodine methods, direct and indirect. The use
“of iodine ar a direct titrating agent is known as the iodimetric method,
whereas the production of icdine by iodide ion to iodine is designated as
the iodometric method. Typical examples ere:
Todimetric Method: HpAsO3~ + Ip + Ho0 = HoAsO,” + 21  +2 &
Iodometric Method: 2 Cutt + LI~ = 2cuI + In

however, neither of tue foregoing reactions sre necessarily guantitative.
The first reaction must be driven to completion by the addition of bi-
carbonate ions to remove the hydrogen ions; and in the second reaction,
the liberated iodine imust be titrat: . by standard thiosulfate solution.

The titration of iodine against sodium thiosulfate, with starch as
an indicator, is extremely accurate. In fact, the thiosulfate ion cannot
be titrated quantitatively by any reagent other than iodine. This funda-
mental reaction takes place only in slightly acid or neutral solutions.
The equation is as follows:

285203 + To = S,408~ + 271

The reaction is reversibie, makiig it possible to back-titrate an over-
stepped end point with the opposite solution. The reversibility also
permits the secondary standardization of one solution when the other
solution has been stan’ardized against a primary standard. It is
usug}ly customary to starnderdize iodine solution agsinst arsenious
oxid;, and then to standardize the thiosulfate solution against the
iodine solution by the ratio value for the two solutions.

- -




3+8 The Preparatiocn of.Aggroximate%z 0.1 N Iodine Solution. Iodipe
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is relatively insolubl: in water, but dissolves readily in potassiun icdide

solvtion due to the formation of the complex Iz~ ion. The highly rever-
sible reaction is indicated by the equation,

L + I = I3
However, the rate with which id@ine dissolves in XI is slow, and particu-
larly so if the iodide concentration is low. 1% is common prectice to
dissolve the iodine in a concentreted iodide solution, anl then dilute
to vne desired volume. Extreme care must be taken %0 be certain that all
of the iodine is dissolved tefore d3lution, otherwise, the normality of
the resulting solution will increase as the undisssived iodine eventually
dissolves.

Procedure. Weigh out 30 g of potassium iodide, on gtazed paper using
a triple beam balance, and dissolve in 15 ml of distilied water contained
in a 150 ml b.aker. Also weigh out 9.8 g of reagent-grade iodine, on a
watch glass, using the roughk balance. Add the iodine to the potassium
iodide solution, and stir until the iodine is completely dissolved.
(Examine by looking upward through the bottom of the solution.) After
the solution is complete, cranster to a glass-stoppered one-liter bottiie,
and dilute to approximately 750 ml. (A 250 ml volumetric flask may be
used for measuring 750 ml of distilled water in the dilution.) Mix
vhoroughly. store in the dark, and let the solution stand for at least
2k hours before standsrdizirg.

3.9 Preparation of Aggrox1mateé& 0.1 N Thlosulfate Solutlon. Heat
one liter of distilled water (500 ml in each of 696 6Q0umi:beskers :overed

with watch glasses) to boiling, and continue to boil for five minutes to

remove CO2. While warm transfer to & clean one-liter glass-stoppered
bottle. By means of a paper cone, add 25 grams of NapS20s+5H0 (weighed
on triple beam balance) and 0.1 g NaCOs (& level microspatulaeful).
Shele thoroughly, and then store in the dark. The sodium carbonate is
edded to prevent disintegration of the thiosulfate ion.

3+10 Prepsaration of Starch Indicator. Stir approximately 2 g of
"water soluble" starch in 20 ml of water {in a small beaker) to produce
& peste. Slowly add the paste to 200 ml of boiling water, and continue
to boil for two minutes. Cool, ani store in a clean stoppered bottle.

-
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The starch indicator should be freshly prepared before using since
it is susceptible to bacterial action. Hewever, even without the addition
of preservatives, it is usullly satisfactory for use over a period of
about a week. Discard the suspension when it becomes definitely cloudy
or vwuen it gives a reddish color with iodine solution.

2;;.% Standardization of Iodine Solution. Fure, primary-standard-
grade arsenious oxide is to be found on the side shelf. Weigh out on
the trip beam balaace, on clean glazed paper, a portion of about 1.5 g,
and place in a clean, dry weighing bottle. Dry in the oven at 110° C
for at least one hour. Store in desiccator until needed.

Arsenious oxide is insoluble in water, and dissolves only slowly in
acids. On the other hand, it is readily soluble in a high concentration
of hydroxide ion as is indi<ated * y the equation,

Asp0s + Ho0 + 2 OH = 2 NpAsOa
The titration of the arsenite ion jis not quantitative except in a buffered
solution containing bicarbonate ions. In preparing t.e sampies for titra-
tion it is essential that the directions in the next papggraph be followed
in exact detail. -

Weigh accurately (to 0.1 mg) +hree sarples of arsenious%ide of
about 0.2 g each, and transfer to 500 ml titration flasks. Add to each
flesk 10-15 ml of 1 N NaOH (prepare by adding 5 ml of 50% NaOH to 95 ml
of water), and warm to hasten the solution of the arsenious oxide. Cool
by immersing in cold water, add a piece of blue litmus, and then neutra-
lize with 1 N HC1 (prepare by diluting 8 ml of concentreted HC1 to 100 ml
with water) until the solution is distinctly acid. Add approximately 3 g
of sodium bicarbonate to each flask. Dilute to about 100 ml, add 5 ml
of starch indicator, and titrate to the first permanent appearance of &
deep blue color.

CAUTION. The solution should not become acid quring the titration.
If the litmus paper turns red during the titration, add more NalCOs. Also,
iodine tends to bleach litmus paper to a white colcr, and it may be
necessary to add anothe. »lece of 1litmus paper. However, for best results,
titrations should proceed at a pace such that bleaching is not permitted
to occur. |




s The titration of the arsenite ion with iodine is not complete except
in the presence of excess bicarbonate ions. The latter ions react with
hydroniw: ions with the liberation of carbon dioxide. The two reactions
are indicated in the following equations:
Io + HofsOa~ + Ho0 = 21 + HoAsO,~ + 2 H'
HCOs~ + HF =  H.0 + COs

Calculate the normality of the iodine solutior. The average devia-
tion should be less than 2 parts per thousand. The redox reaction in-
volves the exchenge of two electiuns per arsenic atom; consequently, the
milliequivalent weigh" of arsenious oxide which contains two arsenic
atoms is 0.C4945. This is obtained by dividing the formula-weight by
4000. The normalicty of the iodine is calculated from the formula,

Weight of dried arsenious oxide in grams s e .
ml of iodine solution x 0.04945 g/meq = N of iodine solution

3-12 Standardization‘gg Thiosulfate Solution. Several procedures

- (_‘ have been developed for the standardization of thiosulfate against a
_ number of primary standards, e.g., KIOs, ZpCrz0;, Cu, etc. However, it
is not necessary to standardize both iodine and thiosulfate against ’ *
primary standards. The normality of the thiosulfate can be determined |

satisfactorily by rumming a series of ratios against standard iodine

solution. This is “he samc type of procedure zs wze performed in i
Sec. 2:6 in the acid-base exercise.

Procedure: Place the thiosulfate and iodine solutions in burettes
following precautions given in earlier sections. Run out between 30-35
ml of thiosulfate into a titration flask, add 5 ml of starch solution,
and dilute with 100 ml of distilled water. Titrate with standard iodine
to the first permanent appearance of a deep blue color. Repeat until
the average ratio of the two solutions is determined with a deviation
of less than 2 parts per thousand.

) Calculations: N of iddine = N of thiosulfate x Yorume of thiosulfate

volume of iodine
2:13 The Iodimetric Determination of Antimony in Soluble Antimony. I
Antimony undergoes sinailar reactions wifg—iodine to EZSSe described in R
Sec. 3-12. The principal difference is the fact that antimony tends to 3ﬁ
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precipitate from dilute acid solutions in the form of insoluble Sb0C1,
&3 indicated by the equation,

SpHt 4+ Ho0 + €10 = sboCL + 2 H'
To avoid this possibility, tartaric acid is added to produce a stable,

yet soluble, complex with antimony. The equation for the complex forma-
tion is usudlly written as, -
SbCls™ + HoCyHeOs + HoO = H(SbO)C.H,06 + b4 €1~ + 3 H'

The potassium salt of this antimonyl tartrate complex is a soluble
substance known as tartar emetic. It is available commercially and may
be represented by the formula KSbOC.HeOg.

fintimony in the form of an ore is somewhat difficult to get into
solution; consequently, the analysis of stibnite--an ore of antimony--
invulves a painstaking procedure. On the other hand, cummercially
prepared samples of impure tartar emetic (the "scluble antimony"
semples referred to in this section) can be analyzed without difficulty.
They are fairly soluble in water, and since they already exist in the
form of the tartrate complex, only a small amount of additionsal tertrate
is necessary to prevent the possibility of precipitation through hy-
drolysis.

Procedure: Dry the sample containing solubl~ antimony at 110° C
for at least one hour. After cooling, weigh accurately three portions
o the analytical balance (between 0.7 and 1.0 g) to 0.1 mg. Transfer
each portion to a 500 ml titration flask, and add 100 ml of distilled
water. To the solution (or suspension) add approximately 2 g of
potassium sodium tartrate, 3 g of sodium bicarbonate, and 5 ml of
starch indicator; whirl until the mixture is uniform. Titrate with
standard iodine to the first permanent appearance of a deep bluve
color. The titration reactions sre usually designated as,

(Sb0)C4H 0g~ +:In + HoO = (Sb02)CeHeOs~ + 2 I + 2 HY
B+ HCO® = COa + HeO

The redox react,on involves & change of two electrons per antimony
atom; therefore, the milliequivalent weight of antimony is the atomic
weight divided by 2000. Calculate the percentage cf antimony in the

s
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sample, using the following formula:

ml of iodine x N x 0,06088 g/meq x 100
weight of -sample in grams

Results should agree within less than 3 parts per thousand.
3.1% The Jodometric Determination of Copper in Jmpure Copper Oxide.

= 4 Sb in sample

The number of substances thab can be determined by iodometry is greuter
and more veried in nature than those by iodimetry. As was stated in
Sec. 57, an icdometric analysis is an indirect iodine method in which
an oxidizing agent liberates iodine from an icdide. Invariably the
liberated iodine is titrated with thiosulfate solution, although
solutions of arsenious acid or other reduging ageris are possibilities.

The determination of copper is a typical, and widely used,
example of the indirect iodine method. As in other analyses, i% is
more convenient to use impure copper oxide ratier then s copper ore
as the substance to be analyzed. It is geners.ly true that the
analysis of any ore involves a more complex yprccedure than that for
an impure substance.

The cupric ion is an oxidizing agent which reacts with a soluble
iodide according to the following equation:

2C™ + LI = 20 + I
Actually, the copper ion is a poor oxidizing agent, and the reaction
is quantitative only because of the low solubility of cuprous iodide.
Thus the reaction must be regarded as a precipitacion process as well
as an elecvron interchange. The liverated iodiune is titrated, in the
presence of the precipitsated Cul, by standard thiosulfate solution.

Iz + 28208 = 21  + 5,08
The twe foregoing reactions are carried out in a highly buffered acetic
acid solution since neither the iodine mr the thiosulfate solution is
stable in strongly scid or basic solutions.

Experimentel results indicate that cupnous iodide tends to adsorb
iodine sufficiently toc cause low analytical results. This difficulty
is largely eliminated by the additicn of the thiocyanate ion, whick
tends to displace adsorbed iqgidé;on the Cul particles.

Procedure: Dry the idiﬁre sample at 110° C for at least one hour.
Weigh out (tc the mearest milligram) t“roe samples between 5.5 and 2.0 g,

I3
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into 500 ml titration flasks. Add 10 ml of 6N nitric acid (conc. nitric
acid is 15 N) and dissolve by warming gently. Dilute to 20 ml and add
5 ml of urea* solution (4 g in 100 ml). Boil for one minute and then
cool in tap water. Dilute to 100 ml and add NHs until a deep blue color
prevails. Boil to rencve excess ammonia, then aeutralize with acetic
acid and &dd 3 mi in excess. Boil another minute, then cool to room
temperature. Add 5 g of potassium iodide, dissolved in 10 ml of water,
to each sample. Titrate with standerd thiosulfate until the yellcw-
brown color of iodine is almost gone {but not gquite). 4dd 5 ml of
gearch sol:tion end continue titration, drop by drop, until deep blue
color changes t¢ gray. Add 2 grams of KCNS (or NH,CNS) and swirl
until the crystsls are aissolved. Titrate just to the disappearance of
the blue coler, leeving e creamy white suspension of cuprous iodide.
Caleulatiozs: Since the redox reaction in the titration involves
the interchange ~f only one electron, the milliequivalent weight of
copper is the atomic weight divided by 1000, or 0.0635k. The per-
centage of copper in the semple may Le obtained from the following
formu .as

ol of thiosulfate x N x 0.06354% g/meq x 100
welgtd: of sample

= % of Cn

The agreemeny among values shotld be within 3 parts in a thousand.

SURNARY

The very lsrge numbst of redox methods makes a fair sampling of
such methods imgossible. The four dsterminations. included in this
chapter are representative, but they do not provide a comprehensive
overview of the many oxidation-veduction possibilities in quantitative
analysis. Such a survey is beyond the limitations of time within a one-
semester course. Outside rcadings pertaining to this area are recommended
and urged for those students with ingquiring ﬁinds. Your instructor will
b2 glad to suggest references in this field.

*The ures reacts with any oxides of nitrogen which may remain from the
nitrie acid treatment.
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The calculations involved in redox methods of quantitative analysis
depend on the relaticaship between electron charge and the equivalent
weight. The student should note these relationships, emphasized in the
experimental procedures.

Filtration techniques involving the use of & Gooch crucible and
filter paper have been introduced. These techniques become increasingly
important in later gravimetric determinations.

ik




Chanter 4
. COLORIMETRIC METHODS
PRINCIPLIES OF SPEC.LROPHOTQMETRIC ANALYSIS

b.1 Terminology. When light passes through a transparent medium,
the power of the light decreases because some lignt is absorbed. Color-

less materials such as window glass absorb all. wavelengths of visible
light equally, thus the ligkt is the same coler coming cut as Zoing in.
Other substances absorb certain wavelengths of light preferentially;
the transmitted light, which is seen, and the absorbed light are of
complementary colors. When white light is passed through FeSCN++,
green is absorbed and the transmitted light is red. Similarly, Cr0,~
appears yellow, MnOs purple, and Cu(NHz)s** deep blue, because the
complementary colors are shsorbed by these ionms.
The quantitative amount of light absorbed, when light passes
through a transparent medium, is dependent upon three variables:
¢, the concentiation of the absorbing substance in the medium;
b, the thickness, or length, of the medium; and

R, the absorbancy index of the absorbing substance. -
The absorbancy index is, in effect, a proportionality constant, whose
value indicates how extensively each particle of the absorbing medium
interacts with the wavelength of light being absorbed. To illustrate
these three variables, res spéctively:

(¢), light passes strongly through a dilute solution of
FeSCN'* (which is only weakly colored), but hardly at all through a
concentrated solution;

(b), light passes easily through a thin layer of colored glass |
such as & sun shate, but thick stained glass windows keep the inside of
& cathedral very dark; 5

(2), ereen light rays interact with and ere absorbed much more
strongly by red wine than by a white wine of similar concentration;
similarly, yellow light is absorbed more strongly by a Mn0,~ solution
than by a Cr0,~ solution of equal concentration, causing the MnO,~
solution to appear more opaque.
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Quantitative measurements of the amount of light absorbed may be
expressed in any of several ways; especially:

transmittance, T, the fraction of light transmitted (%%%%%_%ﬁ&,s T); *

% transmittance, %7, (g%ggf—gﬁg x 100 = 97); and

_ power in
absorbance, A, (A =-3logioT = 2 —logio %T = logio pgwer ;ut)'

Of these, the absorbance is generally preferred for quantitative cal-

culations and plots, because of the linear relationship between the
logerithmic quantity designated by A, and the three factors a; b, and c;
mathematically,

a x b x e = A = <logo T.
If the values of a and b aré known, the concentration ¢ can be determined
by measuring the absorbance A, For a series of solutions having equal
valves for the product a x b, the quantities A and ¢ are directly propor-
tionals

L2 Methodology. Quantitative spectroscopy proceeds as follows.

The problem: to analyze a solution which contains a certain knewn light-

abscrbing species in unknown concentration, Cy. The analyst preparec &

series of solutions containing the same light-absorbing species, but in »

variety of known concentrations, C3, Cz, €s,... He measures the absorbance

of each of the solutions, while keeping variables a and b constant (by

selecting a single wavelength of light for the analysis and using the

same cuvette for each measurement). Then, plotting absorbance (vertically)
egeinst known concentra .on (horizontally), he obtains a linear graph,
from which he can determine the concentration of the unknown by inter-
polation. This graphical method eliminates the necessity for knewing

the exact values of & and b.

If the unknown solution happens to contain two light-absorbing com-
ponents to be analyzed for simultaneously, then two wavelengths must be
selected, two sets of known solubtionsimust be measured, and two absorbance
equations must be solved simultaneously for the two unknowns; etc. The
accuracy of the method generally diminishe& as the number of simultaneous
unknewns increases, but it is significant that two unknewns ofthen can be
determined simultaneously by spectrophotometric measurements.

e e vy ——c, < e .
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Figure li+1 The Bausch and Lomb "Spectronic 20" Spectrophotometer
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4.3 Instrumentation. An instrument which can provide a particuler

wavelength of light and measure its transmittance through a solution is

"called a spectrophotometer. In the instrument, white light from a bulb
is split up into its component wévelengths by.a grafing (or a prism); )
the grating can be oriented variously So that only the desired wave-
length passes through an exit slit into the sample chamber. ' The ab-
sorbing solution is placed in a glass cuvette (much like an ordinary
small test tube but specially constructed to be uniform in diameter)
which is ldéwered into the light path. The transmitted light is
measured with a phototube, the measurement appearing on a large meter.
Although the absorbance value is more useful chemically, most spectro-
photometers measure tLe % transmittance since it changes linearly with
the power of light passing through the solution and thus can be read
more ac~irately frua the weter scale. From the %T readings, th2
corresponding A values are calculated using log tables, or else the

%T data are plotted directly on semi-log paper.

A spectrophotometer also is used tc measure the spectrum of a
solution, i.e., the 4T or A values of a solution for all the various
wavelengths of the light spectrum. From such a spectrum the snalyst
determines the best wavelengths for the analysis.

Figure 4.1 provides a sketch of the Bausch and Lomb "Spectronic 20"

Spectrophotometer which will,be used in the experiment to follow.

ESSENTIAL TECHNIQUES IN SPECTROPHOTOMETRY

Several techniques, some of which are also common in generel analyt:-
cal work, are especially important in spectrophotometric analysis and
are introduced in the present experiment.

L-4 Use of Volumetric Pipets. A pipet is & device which has been

e Gam——  ara——

factory-calibrated to deliver (T.D.) a definite volume of iquid from one

container to another.

Draw liquid up into the pipet by mouth suction or by squeeze bulb,
until the meniscus falls well above the calibration mevk on the upper
stem. Quickly cap the pipet with the index finger (never the thub).
Tilt the pipet slightly end wipe the exterior free of adhering liquid.
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To adjust the liquid level, hold the pipet in a vertical position over a
waste beaker, and ceutiously release the pressure upon the index finger
'S0 as to permit thé meniscus (tic Bottom of the meniscus) 6 fall until
it is exgctl& even with the calibration mark. Remove any hanging droblet
of liquid by touching fﬁe tip to the side of the waste beaker. Finally,
the 1iquid is allowed to drain freely from the pipet into the dsbkired

contaige: (with the pipet almost vertical and its tip in contact with the

glass wall), without forcing or blowing out the liquid remaining within
the tip. This partiael drop of liquid remaining in the pipet.tip is
accounted for in the factory-calibraticn of any T. D. pipet. If the
pipet is properly clean, no droplets will remain clinging to the inner .
surfaces from which the liquid has been drained.

It is ihycrtnnt to use mouth suction or squeeze bulb orly to draw
liguid into the pipet and not to adjust the level to the calibration
mark. ©Some practice may be necessary before one becomes adept at re-
moving the bulb with the free hand and quickly capping with the index

;1§: finger of the hand holding the pipet; yet this is essential for good
results.

Two additional precautions necessary in the proper use of the pipet
are:

(1) In gresping the pipet, use only the thumb and first two fingers
on the stem sbove the graduation merk. Never gr-sp the bulb of the
pipet since it is calibrated at a definite temperature.

(2) As in the usé of the buret, the liquid 'in the pipet must be
-completely free of air bubbles.

4.5 Use of Volumetric Flasks. A volumetric flesk is calibrated to
contain {T.C.) a specified volume of liquid at a specified temperature
(generally 20° C). The bottom of the liquid meniscus should be made o
coincide exactly with the calibration line on the flask neck. The Ilask
has several different quantitative uses:

(1) Preparation of standard solutions. Anslytical grade reagents may

be weighed out careful.y, dissoived, and diluted to the calibration mark
to yield a solution of known molar concentration without need of further
analysis. Thus, 1.824 mililimoles of pure reagent.diluted in a 10.00 ml
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volumetrie flask produces a solution that is 1.824 mmoles/10.00 ml, or
0.182% M,

(2) Quanbitative dilutions. Quantitative dilution is accomplished'by '
pipetting a known volume of a solution into a volumetric flaok, and dllu-
ting exactly to the new volume. Thus, a 15.00 ml pipetted sample can be
diluted to 50.00 ml %o yield a solution of molarity exactly 15/50 times

as great as the original solution.

(3) Preparation of unknowns o known volume. Volumetric flasks are

used wlso to dissolve samples of impure substances to a specified volume.
From subsequent analysis of the molarity of the solutions and the known
volume, it is possible to determine the number of moles of pure substance
present in the impure sample. ‘

g;g: Use of Cuvettes. Two matched cuvettes are used in the measure-

ment of the %T oflatfolution. In the present experiment one will contain
distilled water (pure solvent) und the other will be used for the various
solutions of Cu(NHz)s* which you prepare. Matched cuvettes have similar
size and curveture and show nearly identifal effect upon a beam of light.
The following RUIES FOR HANDLING CUVETTES should be cbserved:

(1) Never touch the lower half of the cuvette, through which the light
beam will pass.

(2) Lightly wipe off any liquid or smudges from the outer surfaces,
using only the special wiping paper provided (absolutely nothing else
will do!). _ . :

(3) Always rinse the cuvette with several small portions of solution
before filling it for a measurement. (Only about 3 ml is needed for
.the measurement. 9

(4) Notice the index llne near the top of the cuvette. The cuvet*

should be placed in the spectrophotometer with the index line towarad
the front. After the cuvette is firmly seated, rotate the cuvette
gently until the index line is aligned with that on the ingtrument.
It is very important that the cuvette be alighed precisely the same
way for each separate measurement

(5) Dirty cuvettes should be rinsed several times with pure water and
outside surfaces lightiv wiped with wiping paper, alter final use. Under
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no circumstances may cleaning solution or test tube brushes be used on
cuvettes.
4.7 Use of a Calibration Graph. A calibration graph is prepared

from measurements of a series of solutions of known concentration. The.

measurement of a solution of unknown cehcentration is subsequently com-
pared to the known measurements on the graph. In this type of graphicel
anelysis, the accur;a.cy of the calibration graph is of critical importance
for obtaining accurate results. Known data must be plotted with care
upon & grid of precision-ruled lines (a "home-madel graph or rough sketch
is unacceptable). '
In the present laboratory exercise the calibration graph should be
a straight line (since Beer's Law is obeyed under the conditions of
the experiment) which should pass through the origin of the graph (i.e.,
_ the point corresponding to zero absorbance vs. zero concentration, or
1004T vs. zerc concentration). Any deviations of the measurements from
" & perfect straight line are indications of lack of precision, and repeat
e measurements should be made. Deviations may be due to faulty experi-
mental technique (most likely), severe fluctuations in the A.C. line
voltage (occasionally), and (to a small extent) inherent limitations
imposed by the spectrophctometer itself. Occasionally, a point is
simply misplotted,
The following are commen technical errors in obtgining colorimetric

data, which will subsequently yield inaccurate results:

(1) failure to-keep the .oute;' surface of the cuvette clean.

(2) failure to use the same cuvette for all. measurements.

(3) failure to rinse the cuvette sufficiently with the new solution,
before taking measurements.

(5) failure to orient the cuvette exactly the same way for each
measurement.

(5) failure to account for slight “play” of the plastic cuvette
holder within its cavity in the instrument. '

(6) failure to set OFT and 1004T carefully.

Q - (7). inaccurate pipetting.
(8) inaccurate dilution within the volumetric flask.
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(9) insufficient mixing of the solutions.

(10) use of wnclean volumetric glassware.
_ The student is urged to take thoughtful care to avoid these many
,pitfhllé iL:coloﬁipetric analysis, and to notice any indication of such

érror wvhen he plofs the data graphically.

~ ANAT:ZSIS OF COPPER IN COFPER OXIDE

4.8 Preliminery Observations. Special eguipment provided ior this

experiment includes the following: & Bausch and Lomb “"Spectronic 20"
Spectrophotometer with constant voltage transformer, a cuvette rack
containing two matched cuvettes and a third cuvette containing a piece
- of chalk with a diagonally-ground surface, a box of wiping paper, a
marking pencil, a box of plastic wrap, and four EX}enmeyer flasks (250
ml or larger) with cork stoppers.
You will need from your desk also the following items: a 25-ml
graduated cylinder, & 250-ml volumetric flask, a 25-ml volumetric pipet,
13 two medicine droppers, a beaker for distilled water, and two 250-ml "
beakers for preparing the solutions. (}

You will need a sheet of linear coordinate graph paper and TWO
sheets of semi-log graph paper (preferably one-cyclé) sﬁpplied with
the laboratory notes.

CAUTION: This entire experiment must be performed and completed on
one day, the day it is assigned. Have the semple of copper oxide dried

" (310° ¢ for one hour) and ready to weigh. Be thoroughly familiar ¥ith
the yrocedures, so that you can use the limited time efficiently.

Plug in and turn on the spectrophctometer by rotating the left
front knob clockwise. Use this knob to adjust the meter needle to-O4T.
While the instrument is werming up (about 20 minutes), complete the
following preliminaries and prepare the solutions as described below.

To observe what diffracted light passes through the sample cell,
carefully insert the test tube containing the chalk into the sample holder.
Make certain that the chalk's diagonal surface slopes downward toward the
right. Rotate the 100%T-adjust dial (right front knob) ciockwise; a
band of color should appear upon the diagonal surface. Now rotete the

- wavelength dial (tép riéht) and obscive the variation in the color of the

R ST S WSS ..
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band, from violet and blue near 400 my to-réd mear 700 mp. (If you con~
tinue the rotation hisyond TOO mit to 1000 mp, a repetition of the violet,
‘blue, and green colors will be seen, due to second order mfﬁaction from
the grating. When the spectrophotometer is used at wavelengths greater
‘than 700 my, a red filter must be inserted into the instrument so as o
remove this second order diffi~ction light.)

Remove the tube with the cnelk.

4.9 Preparation of Standard Copper Solutions. A stock solution of
standardized cupric nitrate will be a¥ailable in the laboratory. This
stock solution is prepared oy dissolving 4.000 g of 99.90% copper metal

in nitric acid, and diluting quantitatively to exactly one liter of
solution. Such a solution contains 4 mg of Cu per ml.

Obtain epproximetely 125 ml of the sbock solution in a clean, dry,
250-ml beaker, K

Using your 25-ml pipet, and the squeeze bulb, transfer exactly 25.00
ml of the strckl . solution from the beaker to your clean 250-ml volumetric

\ QEE flask (it need not be dry). Half-£ill the volumetric flask with distilled

water, so &s to dilute the copper solution. In the hood, add small

portions of concentrated ammonia (from & 25-ml graduate® cylinder) with

swirling, until a clear deep blue solution is obtained (after formation
and redissolution of & milky-blue precipitate). Then add 30 ml con-
centrated ammonia in excess, and dilute to the mark with distilled
water. Mix the solution well; store it in a clean, dry, 2$0~m1
Erlenmeyer flask with cork stopper and appropriate laballing (solu-
tion I).

Repeat the above paragraph, so as to form & second known copper
solution exactly like the first one (solution II).

Repeat the paregraph once again, this time pipetting two 25.00-ml
portions of stock solution into the clean volumetric flask, so as to
form a third known copper solution exactly tWice as concentrated as the
first two (solution III).

Prepsre a "blank" solution {Solution 0) by diluting 30 ml of concen-

e trated ammonia to 250 ml in a clean flask.
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In your notebook prepare a table for the solutions you have prepared:
Concentration of Cu in the standard stock solution: —---mg/ml

Soin. Ml. of stock soln. used Final volwse ’inal concn. {cale'd.)
o 0.00 " 250. ——- |
I 25.00 250.0 ———
II 255000 500 ————
11T 50.00 250.0 _—

4.iC  Preparation of Unknown Solution from Copper Oxide. Weigh

accurately one sample of dry copper oxide totalling sbout 2.5 g. 1lece
the sample in an empty 250-ml beaker (clean). Add 30 ml of concentrated
HNOs and 30 ml of distilled water, and warm gently in the hood to dissolve
Arain in the hood, add small portions
of concentrated NHz frowr the 25-ml graduated cylinder with swirling until
& clear deep blue solution is cbtained (no cloudiness). Add 20 ml mere
NHg, then transfer the solution quantitatively to an empty (cleen) 250-m1
volumetric fiask, using distilled water for the rinsing. Finally dilute

exactly to the 250-ml mark with distilled water. Mix the solution well.
Record the essential detaile regarding this "unknown” solution in
your notebock.
4.11 Standardization of fhe Spectrophobometer.

(2) If necessary, rezerc using the left front knob, with no
cuvette in the instrument.

(b) Rotate the rigi: front knob far counterclockwise.

(¢) Rinse one of 't*: cuvettes several times with the "blsnk"
golution O, £ill half-full wi '. the solution, dry the outside surfaces
with wiping paper, cap with plastic wrap, and align the cuvette in the
instrument as described above. Cloge the top of the sample holder.

(4) Rotate the right froat knob clockwise, until the meter
needle reaches exactly 100%T. (Do not allow the reading to exceed 1004T.)
Now the spectrophotometer is standardized for the wavelength at which the
instrument is set, for any sample containing diiute ammonia solution as
the solvent.

Retain the cuvette, half-full, for later standardizations {hencerorth
called the "reference cuvette").
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IMPORTANT

The spectrophotometer must be standardized anew, by following the four
steps outlined ebove, at EACH new wavelength setting before any quantita-
tive meesurements can be made upon solutions at that wavelength. This

- statement epplies throughout the rest of the experiment.

4.12 Measurement of the Visible Spectrum of CuliHg)y**. The spectrum
is measured in order to detevmine the best wavelength to use for the
analysis of the unknown solution.

Set the wavelength at 450 mu (right upper dial) and stendsrdize es
above. Réthovertheireferéhcs cuvedbsin, Half-fill the other cuvette (the
"sample cuvette") with your Solution III, after pre-rinsing with the
solution. Wipe the cuvette dry, cap with plastic wrap, and aligh in the
instrument. Record the %I reading at this wavelength. Readjust "O" and

"100" as before, and remeasure the 4T of the sample solution, until yon J
are shtisfied with the uverage 4T reading obtained.
Continue this procedure at each of these néw wavelength settings: J
G k75, 500, 525, 550, 575, 600, 625, 650, and 675 m4. Record in a table’ -
Wavelength (mu) 4T reading What solution measured?
450 cee see
After obtaining the data, plot them on sémi-log paper, with 4T ﬁ

plotted on the logarithmic scale. Connect the data points (each circled)
with a ‘smooth curve. On the graph, denote with a bracket, “—v~, 2a
relatively flat region of the Cu(NHs),** spectrum where the solution
absorbs ‘light strongly. Such & region is most.apt to be lssirable for
quantitative analysis.

4.13 Analysis by Beer's Law Plot. The absorption of eech prepared
solution is measured at the chosen wavelength., The method of analysis

(=) Empty and rinse thoroughly the "sample cuvette", and £ill it
with Solution 0.
Set the spectrophotometer to wavelength 600 mp
Restandardize the instrument using the "reference cuvette"; then
measure ¥T of the “sample cuvette" containing Solution 0 --
0.00000 g Cutt/ml. Repeat several times, and record in &
table each $T meagurement.

wa
-

has been discussed in Section 4.2, i
A4




82
Cuncentration 4T 47 A, Wavelength :
Solution (mg Cu/ml) meagured  average  calculated (mu)
0 0.00000 -——-
g . . . - . .o ——e D mee . ——— ) , 600
*  {should be (should be
100%) zero)

Rinse the semple cuvetie repeatedly with Solution I. Then megsure
several times the 4T of the Solution I at 600 mp. It is desir-
eble to restandardize the instrument for each messurement.

Similerly, measure the %I ¢f Solutions II and III and the unknown
solution, each time with appropriste rinsing of the cuvette.

(b) Plot 7T vs. mg/ml concentration on ‘semi-log graph paper -- &
Bepr's Law plot. If all the measurements made with the known
solutions do not fall on a straight line, recheck your values
and calculations and consult your instructor. Always enclose
each data point within a small circle.

@ After construccing the Beer's Law plot, locate on it the measure-
ment, made with the unknown sample solution, and thereby determine
the concentration of the unknown solution (in mg/mi). Enclose
this measurement in a square box, to distinguish it from the
other measurements used to prepare the graph.

Calculate the 4Cu in the copper ore sample. The mathemetical
relationship is:

4cn = (...mg/ml Cu in vol. £lask) x (250.00 m1) x 100
= {...g Cu inkrown sample placed in flask) x (1000 mg/k)

(¢) When you have finished, empty and thoroughly rinse the cuvettes
s with water. Return to your desk any equipmént which belongs to
— you. Neatly arrange the items which were provided as special
equipment for the experiment. ILeave the workspace in clean
condition. Unplug the spectrophotomeber.
(d4) Submit the following as & cpecial laboratory repcrt within one
week after you complete the laboratory work.
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(1) the semi-log plot of the spectrum of the ammoniacal cutt
golution, prepsred in Sec. k-12.

IRk ¥ =
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(2) the semi-log plot of 4T vs. concentration, prepared in
Sec. 4-13.
[ (3) the #Cu in the solid unknown, as calculated in Sec. 413,
' ' plus an estimete of the probable uncertainty in your answer
s - ‘ . (i.e., & ... %). Explain yoﬁr reésoning-briefly.but clearly.
(4) a graph of A (calculated from the %4T data using & logarithm
teble) vs. concentration, Plotted on ordinary graph paper --
. concentration on the horizontal axis. Use the data for the

known solutions to determine the straight line, and determine

the concentratdion of the unknown, in the manner of the semi-

log plot.

All graphs should be labelled with full details regarding the chemical
systems under study, the nature of the data plotted, and the date of
measurement, so that each graph is self-sufficient.

4.14 Critical Comments. Several diverse methods of analysis are

(f’ available for anslyzing solutions conta.ning copper ion in bulk, such as

~ the excelleut electrogravimetric analysis where the copper is plated out
quantitatively on platinum electrodes by forced flow of electrical current.
The foregoing spectrophotometric analysis in aqueous ammonia medium gives
less precise results, but was chosen for this course for two principal
reasons: it is a comparatively simple procedure involving readily aveailable

chemical substances, yet it provides some first-hand experience with the

very important technique of colorimetric analysis and use of a spectro-
photometer. ' | ' - ' '
Colorimetric metheds for copper aunalysis are used most often for

determinalion of trace amounts of copper. A wide variety of organic, com-
plexing resgents form distinctive copper complexes with- high absorbancy
indexes and high light-sbsorbing properties. To improve further the
precision, a technique {(known as precision colorimetry) is employed. The
experimental procedure is modified by setting the 1004T reading on the
meter by use of a dilute solution of known copper concentration rather
than with pure water, 8o as to increase the precision with which the un-

Q;) known soluticn can be measured. Additional electronic circuitry may e
used to maintain more constant voltage. Possible impurities may be

d -
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controlled more rigorously in the unknown solutions. Due to limited
laboratory time, such more accurate procedures are excluded from the

present course.

e\

COLORIMETRIC.DETERMINATION OF FERROUS TRON

4-15 Preliminary Comments. One of the most sensitive methods for

the determination of iron is based upon the formation of the orange-red
ferrous-orthophenanthroline complex ion. Three molecules of 1,10-phenan-

throline react with one ferrous ion in the following maggeri:‘ -t
("

;:_;
o

The chelate complex, which follows Beer's Law closely i;'its absorE;nce,
is very stable and remains unchanged over a long period of time.

Orthophenanthroline is a weak base, behaving similarly to ammonia,
in reacting slightly in water solution to give the phenanthrolinium ion
and hydroxide ion,

phen + HOH = vphenH + OH
In an acid solution the principal species present is the phenanthrolinium
ion (analogous to the NH4+ ion); ccnsequently, the complex formation in
acidic solution may:be indicafed by the followiﬂg equation:
Fet* 4+ 3 phen Bt = Fe(phen)s™ + -3 #'

The equilibrium constant for the reaction is 2.5 x 109, which strongly
favors complex formation. However, the position of the equilibrium is
somewhat dependent upon pH. If the pH is below 2, the reaction is in-
complete, resulting in a weak color. Usually & pH of about 3.5 is
recommended for‘the analysis, although the color is stable within a
pH range of 2-9; and & more careful control of this variable is not
necessary.

Ferric iron is reduced by adding an excess cf hydroguinone. The
ferrous iron remains stable as the ferrous-orthophenanthroline ion for
many months,
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4+16 Reagents. The reagents for analysis ere usually prepared by

the instructor, and are available in the laboratory. For informational

purposes, the preparations are indicated as follows:

~ Hydrcguinone solution. A one per cent solution is prepared by
shaking the compound in distilled water; and buffering it with sodium
citrate to an approximate pH of 4.5.

Scdium citrate solution. '250 grams of the dihydrate is added

to sufficient distilled water to make one liter of solution.
1,10-Phenanthroline solution. 0.5 per cent sclution of the
moniohydrate in distilled water is used. Warm to effect solution and

store in dark; discard the solution when it becomes colored. Two

milliliters of this solution is required for each milligram of iron.
Standard Iron Solution. 0.3511 g of reagent grade ferrous
ammonium sulfate is dissdlved in 100 ml of distilled weter; add 1 ml

of concentrated sulfuric acid, and dilute exactly to one liter in a

volumetric flask. One milliliter of the standard iron solution
contains 0.05 mg of iron.
pH Paper, to cover the approximate range of 5.0 to 5.0, such
as pHydrin paper.
4.17 Procedure. Review Secs. 41 - 4-8; the Use of Cuvettes is of
special importance. The special equipment provided for this experiment
is the same as that detailed in Sec. 4°8.
Preparation of Diluted Standerd Iron Solutions. Obtain approxi-
mately 150 ml of standard iron solution (containing ahout 0.05 mg Fe/ml) .
in & clean, dry, 250-ml beaker. The exact concentration of Fe is indi- |
cated on the bottle label.
\Using your, 25-ml pipette, transfer .25.00 ml of the.stock solution

from the beaker to your clean 250-ml volumetric flask (it need not be
dry). Half-fill the volumetric flask, so as to dilute the iron solution.
Add sodium citrate solution dropwise to the flask. Shake the flask after
each addition (only a few drops will be necessary). The flask should be
stoppered with & leak-proof plastic stopper. Touch the demp stopper
against a piece of pH paper. Continue to add sodium citrate dropwise

until pH papsr indicates & pH between 3.0-4.5. (Avoid excessive testing
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with the pH paper, so as to avoid undue loss of solution.) With a graduate,
add 8 ml of hydroquinone solution and 8 ml of orthophenanthroline solution.
Dilute to mark with distilled water. Mix the solution thoroughly, then
transfer for storage to a clean, dry, 250-ml.Erlenméyer flésk, fitted with

g cork stopper and labelled Solution I.

Repeat the instructions given in the previous paregraph, this time
pipetting two 25.0C ml portions of the standard iron solution into the
clean 250-ml volumetric flask, so as to produce a second known iron
solution which is exactly twice as concentrated as the first one. Label

the 250-ml Erlemmeyer flask used for storage as Solution II.

Repeat the instructions once again, this time pipetting three 25.00
ml portions of the standard iron solution into the clean 250-ml volumetric
flask, so as to obtain a third known irun solution which is exactly three
times as concentrated in respect to iron as is the first solution. ILabel

the Erlenmeyer flask in which this solution is stored as Solucion III.

Prepare a “"blank" solution, designated as Solution 0, by diluting

. 8 ml of hydroguinone and 8 ml of orthophenanthroline to approximately

250 ml in a clean Erlenmeyer flask. No adjustment of pH is necessary.
In the notebook prepare a table for the solutions that have been
diluted, calculated on the basis of the known concentration (---- mg

Fe/ml) of the original standard:iron solution.

Ditited Stambard Iron Solutions

Solution Ml of Standerd Final Volume Final concentration,
solution used mg Fe/ml (calc'd.)
0 : 0.00 250. 0.0000
I 25.00 : 250.0°
II 50.00 250.0
ITT 75.00 . 250.0

Preparation of Unknown Solution of Impure Ferrous Ammonium

Sulfate. UObtain an unknown sample from instructor. This material is not
to be dried, because at, elevated temperatures the sample would lose water
of hydration (part of its original comﬁosition) in a non-quantitative
fashion,.,and the iron would be alowly oxidized (resulting in further

change in'Eomposition).

-
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Weigh out (to 1 mg) approximately one gram into a 400 ml beaker. Add
100 ml of distilled water and 1 ml of concentrated EsSO.. Stir thoroughly
until solution is effected; then transfer quantitatively to a one liter
volumetric flask, and dilute to mark. Mix thoroughly for not less than
20 minutes by repeatedly inverting the flask (fitted with a plastic leak-
proof stopper).

Usring the 25-ml pipette, transfer 25,00 ml of the unknown sclution
to a clean 250-ml volumetric flask (it need not be dry). Half-fill the
volumetric flask with distilled water; add sodium citrate dropwise, and
test for pH as described in Preparation of Diluted Stendard Soiution in
this section. When the pH is between 3.0-4.5, add 8 ml of hydroguinone
solution and 8 ml of orthophenanthroline solution, and dilute to mark
with distilled water. Mix the solution thoééughly; this is your pre-
pared Unknown Solution.

h.18 Opgrating Instructions for the Spectronic Colorimeter. De-

tailed instructions for the operations of the "Spectronic 20" colorimeter
are given in Secs. 4.11 and 4-12. These instructions still apply, but
will not be reiterated in toto. Condensed directions are as follows:
Turn on the instrument with left front knob and allow to warm up
for about 20 minutes. Since the absorbancy spectrum exercise is given in
Sec. 4:12, for the Cu(NHz)y*™ complex, it is not necessary to repeat this
exercise for the ferrous-orthophenanthroline complex. It has bheen
determined, experimentally, that the wavelength of maximum absorbance
for the ferrous complex is 508 mi. Set the wavelength dial (top, right-
hand knob) at 5C3. With sample compartment empty, adjust the left-front
knob so that the meter pointer reads zero per cent transmittance. Insert
Solution 0, and adjust the right-front knob so that the meter pointer
reads 100% transmittance. Replace the Solution O with Solutions I, II,
and III, end with the unknown solution. Use the same cuvette for =11
measurements, rinsing it well with each solution before testing.

Determine duplicate or triplicate 4T measurements on separate portions
of each solution. From the data of the four standards (Solutions 0, I,
IT, III)} prepare a calibration cueve, which should be a straight line

on semi-log paper, in terms of (log)¥T versus mg Fe/ml in the samples.
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From the 4T date of the unknown, ascertain the mg of Fe/ml in the unknown;
“hen calculate the per cent of Fe present. Record all data.

When you have completed this exercise , empty and thoroughly rinse

the cuvettes with water. Return %o your desk any equipment which belongs

; to you. Neatly arrange the items which are provided as special equip-

ment for the experiment. ILeave work space in an orderly condition. Unplug
the spectrophotometer.

.19 Calculations. For clarification, part of the previous instruc-

tions are repeated: Plot per cent transmittance versus mg of Fe/ml on

\ semi-log graph paper. If a straight line is obtained, it verifies Beer's
Law. If all the measurements do not fall on a straight line, recheck
your values and calculations, arid consult with your instructor. Always
enclose each data point within a small circle; indicate the concentra-
tion of‘ the unknown solution in & square box to distinguish it from the

: other measurements used irn preparing the graph.

("} The mathematical relationship in calculating the percentage Fe in

v Ak 3

the sample of ferrous ammonium sulfate is as follows:

e—-- mg Fe/ml x dilutions (1000 x 10) x 100
Wt. of unknown sample x 1000 mg/g

= % Fe

L4 SRahart L ate SRadmETE |




Chapter 5
PRECIPITATION METEODS
— e — — — —— — . — ]

VOLUMETRIC METHODS

5e1 Preliminar&'gommegzg. Volumetric methods of analyses which

make use of precipitate formations are usvally designated as precipitation

titrations. In order to be usable volumetrically, a precipitate must
form rapidly and be fairly insoluble. In other words, the reaction
should be complete at the equivalence point if possible. Moreover, an

indicator must be availeble that will produce sn observable change in

the solution (or precipitate) near the equivalence point. Because of
these limitations, relatively few precipitation reactions are satis-
factory for precipitation titrations. ]

The most widely used precipitate-formation titratiouns are those in-
volving the silver ion versus the various halides and pseudo-halidcs.
These procedures are frequently called argentometric precipitation methods.
As typical examples of these methods, the Mohr method for the chloride
and the adsorption indicator method for the same ion have been selected
for leboratory exercises. Alternately, an emf graphical method is used,
involving a pH meter as detector with & ®ilver wire as the jundicator
electrode (see Secs. 5°5 and 5-6).

2*2 Preparation of Approximately 0.1 M Silver Nitrate. Normality,
molarity, and formalitgfﬁre the units most ;}equently u-~ed in designating
concentrations of solutions. The term formaliby is probably the most un-
ambiguous expression for the concentration of an ionic compound; however,
the use of molarity as a concentration unit has become so deeply en-
trenched in the chemical literature that it seems unwise to substitute

even & better term. By definition, a molar solution ccntains one grsm
molecular weight (usually sbbreviated to one mgle) of a solute dissolved
in sufficient water to make a liter of solution. Thus, & 0.1 M solution
of silver nitrate contains one-tenth of & mole of this salt in a liter
of solution.

Procedure. Counterpoise a clean, dry 50-ml beaker on a triple beam
balance and weigh into it 17 g of pure, dry AgNOs (as furnished--do not
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dry in oven). Proceed to the analytical balance and weigh beaker plus
silvei' nitrate to 0.001 g; record the weighing on a righ*-hand page of
the notebook. Carefully, avoiding any loss, transfer «s much as possible
of the crystalline AgNOs into a clean, but not necessarily dry, 250-ml
beaker. Rewelgh the original 50-ml beaker to 0.001 g, record, and take
the difference from the first weighing as the actual weight of the AgNOs.
Working guantitatively, dissolve the AgNOs; (now contained in the
250-ml beaker) ia approximately 75 ml of water; then transfer the solu-
tion without loss to a clean one-liter volumetric flask. The procedure
for quantitative transfer of the solution is illustrated in Fig. 5°1.
Place a clean analytical funnel in the flask. Hold a stirring rod
vertically above the funnel and pour the solution from the beaker down
the rod, keeping the spout of the besker against the rod. After all of
the solution is out, rinse besker and rod, as illustrated, with distilled
water. Make certain that the stream of water reaches all of the inside
. surface of the beaker. Afier rinsing, remove the beaker and rod; with-
) draw the fumnel slowly while rinsing both the inside and outside of the
stem. Now direct a stream of water down into the volumetric flask to
remove any solution which may have adhered near its mouth.
Next pour distilled water, from a clean beaker, intc the volumetric

filask until the solution level is just below the graduation mark on the

ster of the flask. Allow solution to reach room temperature, then add
distilled water drop by drop from a pipette until the liquid level
meniscus coincides with the graduation mark. Mix thoroughly by in-
verting flask back aend forth for at least five minutes. (The flask
should be stoppered with a leak-proof plastic stopper.) Do not use
the neck of the flask as & handle.

Calculatiori: From the known weight of AgNOs contained in the one
liter (exactly measured) of solution thus prepared, calculate, and

record in notebook, the molarity of the solution.

_weight of the AgNOg in grams
ml of solution x millimolecular weight of AglOs

For example, if you weighed out 17.130 grams of AgNOs and dissolved it in
O exactly one liter of solution, then,

: _ 17.130 grams _ mmole
Molarity = fpeo i o 0.1699 g/mmole - 0.1008 =5~ or M

This is a hypothetical example, your molarity will be different.

Molarity =

s N st Jaia
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Figure 5°1 Quantitative transfer of solution to volumetric flask.
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' 5-3 Standardization of Silver Nitrate Solution by the Mohr and

_Adsorption Methods. The mclarity for the AgNO3 solution obtained in Sec,

5.2 should be fairly accurate since the purity of reagent grade AgNOy is

- almost that of a primary standerd chemical. However, the procedures for

the Mohr and adsorption methods for the chloride contain slight inherent
errors which may be canceled by standardizing the AgNOs solution against
pure sodium chloride. ' '

Procedure. Dry a 2 g portion (triple beam balance) of primary-standard
sodium chloride for one hour at 110° C. Weigh out on the analytical
balence to 1 mg, a sample of the dry NaCl of 1.4t to 1.5 g. Transfer
quantitatively to a clean 150-ml beaker. Dissolve in about 60 ml of
distilled water, transfer the solution quantitatively to a 250-ml volu;
metric flask, wash the beaker and stirring rod, and add washings to the
flask taking care not to fill above the mark. (Follow the techniques
described in Sec. 5°2 concerning the quantitative transfer of a solution.)
When the solution has reached room temperature fill the volumetric flask
exactly to the graduation mark. Mix thoroughly by inverting the volumetric
flask (stoppered with o leak-proof plastic stopper) back and forth for
about ten minutes. The molarity of the sodium chloride is obtained from
the following formula:

weight of NaCl in grams
250 ml x 0.0584k g/mmole

Record the NaCl molarity in the notebook.

M

The chloride solution Jjust prepared is to be used in Parts I and II
for the standsrdization of “he AgNOs; solution. Note carefully that both
of the following titrations require good light to observe the end points;
however, they should not be performed in direct sunlight. (Even in
artificial light the precipitate will darken if the titrations are per-
formed too slowly.) Conserve the NaCl solution as much as possible in
order that it may suffice for 6 to 8 titrations; each involving 25 to 30 ml.

Part I. Standardization by Adsorption Indicator Method. Using the

least ¢ quantities of reagents necessary for rinsing, fill one burette with
AgNO3 solution and the other with the NaCi solution. Read and record both
burettes. Run into a clean 500-ml titration flask about 25 ml of the
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chloride solution and add approximately 25 ml of distilled water. Stir in
6-8 drops of dichlorofluorescein indicator and 0.1 g of dextrin (a level
microspatulaful, no more). The dextrin stabilizes the colloidal state of
the precipitate. _

Titrate fairly rapidly with AgNOs solution; inasmuch as slow titra-
tions may permit the precipitate to darken and thereby obscure the end
point. At the end point there is a suddercchange from white to pink in f
the color of the AgCl particles*. It is necessary to whirl the solution J
constantly; otherwise, there is a tendency for the AgCl particles, which h
indicate the pink end point, to settle to the bottom of the Plask. Since
the end point is somewhat reversible, it is sometimes possible to run
back and forth across the point at which the pink and white particles are
differentiated. This is accomplished by adding alternately a &ight
excess of AgNOg or NaCl golution. Having determined duplicate titrations, !
calculate at once in order to ascertain whether it is necessary to make 9
additional titrations,to~&ecure a precision of é parts in a thousand. [

ﬁ Assume that the NeCl molarity is more accurate than the AgNO3 molarity. |
The molarity of the AgNOs may be obtained from the following formula:
(AgNOs solution) (NaCl soluticn)
mi x M = ml x M
Record the AgNOs molarity in the notebook, designating it as obtained by
the adsorption method.

*The color change of the AgCl particles occurs when negatively

charged, colored dichlorpfluorescein ions become adsorbed on a positively
chérged colloidal surface. This change occurs at the equivalence point
because the electrostatic charge on the surface of the colloidal AgCl

particles goes then from negative (in presence of excess untitrated . #
chloride) to positive (in presence of excess silver ions). |




Part II. Standardization by the Mohr Method. After the burettes have

been filled (as directed in Part I) with AgNOs and NeCl solutions, respec-
tively, and the readings recorded, measure approximately 25 ml of the NaCl

solution into & medium-size porcelain casserole (300 ml or larger). A

flask or beaker does not permit a good cbservation of the end point. Add

25 ml of distilled water (graduste) and 2 ml (graduste, or 40 drops) of

0.1 M E=CrQ, indicator solution. Without further dilution titrate fairly

rapidly with the AgNOs solution to the first permanent change in tint
from lemon yellow to orange.* During the titration stir the solution

constently with a short stirring rod. Before taking the burette readings,

run back and forth across the end point by the alternate additions of a

few drops of excess AgNOs and NaCl solutions. Make at least three inde-

pendent titrations. From the average of concordant results, calculate
and record the molarity of the AgNOs as obtained by the Mchr method.
The calculations are similar to that indicated for the adsorption
method as given in Part I.

For your convenience and that of your instructor you should record,
in tabular form, the molarity of the silver nitrate solution as determined

by each of the three methods of standardization. A suggested form, for
your notebook, is given as follows:
Consolidated Re¢ord of Standardization of Silver Nitrate Solution
P~ —— - — . — —— — g~ e g e b — —— —
Molarity

A. From method of preparation (direct weighing of
811ver nitrate Crystals)....eeeececeecoecccecssennns

B. From NaCl standardization with adsorption
indicator (average)..o.ooo.coooo.oo.ooocco.cooooooto

C. From NaCl standardization by the Mohr method
S Yy T

*The color change from lemon yellow to orange occurs when the dis-
solved Cr0s~ ions (lemon yellow) first begin to be precipitated by
excess Agt titrant (as red AgaCrQ, precipitate), indicating that the
chioride ions present in the sample have Already been precipitated (as
less soluble, white AgCl).

el

L
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5-h Analysis cf Unknown Chloride Sample by Adsorption and Mohr Methods.
Dry the sample of usgﬁown chloride for at least cne hour at 110° C. Weigh
out on the analytical balance, to 1 mg, about 5 grams of the material and

v record weight in notebook. Transfer the weigzhed portion to a clean, dry
150-m1 beaker. |

Working quantitatively, as described in Sec. 5-2, dissolve the
weighed portion in about 60 ml of distilled water, and transfer the re-
sulting solution to a 250-ml volumetric flask. (The flask should have
been cleaned thoroughly with distilled water after its use in Sec. 5°3.)
Follow procedure given in Sec. 5.2 in.filling flask to graduated mark.

Mix thoroughly for at least 10 minutes.

Analysis by the Adsorption Method. Fill the burettes, respectively,
with standard AgNOs; solution and the solution of unknown chloride, taking
care to waste as little as possible of the latter solution. Using the
procedure of the Adsorption Indicator Method as described in Sec¢. 5°3

(Part I), complete three or four titrations. In each titration use

tz' about 20 ml of the chloride solution. From the molarity of the AgNOs
solution, as obtained by the adsorption method (Sec. 5+3-Part I), cal-
culate and record the percentage of chloride in the sample. The formula
for the calculation is as follows:

ml of AgNOs x M of AgNOs x 0.03545 g/mmole x 100

chloride
250 ml

In the formula, the product "ml of AgNOs x N of AgNOs" is the number of
millimoles of AgNOs used as titrant, which is equal numerically to the
number of millimoles of chloride ion precipitated. To convert from

% Cl
weight of sample in grams x

millimoles of chloride to units of mess (ggggg), the conversion factor
0.03545 g/millimole is used. Thus the formula compsres the mass of
chloride ion precipitated (numerator) with the mass of semple originally
present in the particular volume of unknown solution used for the
titration (denominator).

Analysis by the Mohr Method. Complete three or more titrations with
about 20 ml of the unknown solution, using the te shnique of the Mohr

& Method as practiced in Sec. 5-3 (Part II). Calculate the percentage of

chloride in the sample by the seme formula as in the foregoing paragraph,

- - = - > e e P e dnaa
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but, in the present calculation, use the molarity of the AgNO; which was
cbtained by the Mohr Method (Sec. 5:3-Part II).

Consolidated Revort on the Aralysis of Unknown Chloride. The pro-
cedures in arriving at the final percentage of the ﬁnknown chloride are
somewhat lengthy; consequently, a simple report on the analyses will
suffice. Make the report as follows:

Exp., 5:2-5'4  Precipitation Titration of Unknown Chloride Name
Average of Adsorption Method
Average of Mohr Method

If your results are inaccurate, your instructor will want to examine the

records pertaining to the analyses. These records should be complete
and arranged in an orderly fashion.

POTENTIOMETRIC PRECIPITATION TITRATION

202 Preliminary Comments. Potentiometry involves measurements of
the difference in potential (electromotive force) between the two elec-

trodes of a galvanic cell. A series of potentiometric measurements are
obtained at various times during the course of a titration, the repested
srall additions of titrant causing changes in the composition of the solu-
tion in the cell and coincident changes in the measuréd ‘potential. By
plotting the potential vs. ml of titrant, the measurements yield a

curved line which reveals information about the composition of the
original solution -- as well as data useful for calculetion of
equilibrium constents such as Ksp.

pH titration (see Sec. 2:8) is a special type of potentiometric
titration, in which the instrumént yields readings directly in units of
PH, because of appropriate arrangement of internal electronic circuitry
within the instrument and use of a buffer solution for calibration. In
ordinary potentiometric titration, the readings are in volts (or milli-
volts).

As in pH titration, the two electrodes of the gelvanic cell are given
distinctive names to tell their respective functions (see Sec. 2.9). ‘fhe
indicator electrode has a potential which is dependent wpon the concentra-
tion of the substance being titrated. The reference electrode maintains
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a constant potential with respect to the solution, regardless of any chenge
in the concentration of the ions in the solution. Since it is the difference
in potential between the two electrodes which is measured, any change in

potential as a result of titration is evidence of a similar change in the
indicator electrode's potential. The galvenic cell as a whole may be
represented as,

Indicator electrode || Reference electrode
(emf changes during titration) (emf remains constant during titration)

The parallel vertical lines refer to a salt bridge or similar form of
electrolytic contact needed between the two electrodes.

Potentiometric methods can be applied to many precipitation titrations,
the main limitation being availability of suitable indj.cator électrodes. In
theory, any metal, when bathed by a sé@ution of its ions, should serve this
purpose; but in practice, only a few electrodes are satisfactory. (Many
metals tend to form insensitive oxide coatings whiclk render the electrode
either irreversible or inert.) The silver electrode %8 one of the most
widely used of the indicator electrodes, partl& because silver has little
tendency to form an oxide'coating, and partly because of the large number
of insoluble salts formediby silver ion.

The best known precipitation titration with the silver electrcde is
the determination of the halides, i. e., the titration of chloride, bromide,
and jodide ions with silver nitrate. The pﬁtential of the silver electrode
is a logarithmic function of the concentration of the silver ions remain-

ing unprecipitated in solution.
Bagt/ng = Taghlhg * wy Loelhe]

_ Whengvdﬂping & titration, a rapid change occurs in the logarithm of the

Agt concéntration, there is also & rapid change in the potential measured.

Detection of the rapid change provides information sbout the composition

of the solution. |

Consider the titration of a chloride solution with silver nitrate
titrant, as a convenient example.

Early in the titration most of the added silver ions will be precipi-
tated as silver chloride. The high concentration of excess chloride ion
keeps the silver ion concentration at a low value according to the Ksp
relationship for silver chloride: Kep = [Ag+][C1~]

— S e




During the early portion of the titration, only small changes cccur in the
logarithm of the silver ion concentration, and the potential changes only
slightly.

Near the equivalence point the concentration of excess chloride ion
rapidly decreases and the concentration of silver ibh rapidly increases
by several powers of ten. ILarge changes cccur in the logarithm of the
coi.centration, and in the potential measured.

Well beyond the equivalence point the concentration of silver ion
is large, because there is ncw & continual excess of silver ion present
in the solution; so again only small changes occur in the logarithm of
the concentration. The equivalence point occurs when the concentration
of silver ion and chloride ion are equal.

Ksp = [Ag*l[C17]
At the equivalence point, [Agt] = [C17] = Ksp =41x10%° = 1x 105 M

A typical potentiometric curve is sketched in Figure 5°2.  Notice the
appreciable change in potential in the vieinity of the equivalence point.
It is necessary to obtain numerous potentiometric readings in this region
(i.e., very small and equal increments of titrant should be added) so as
to be able to locate the equivalénce point accurately (the midpoint of the
steep rise in the curve). The arms of the curve, extending more nearly
horizontally, may be determined with only three or four readings each.
Therefore, large increments of titrant are sufficient in the regions pre-

ceding - aqd following the vicinity of the equivalence poiﬁt. In general,

the desired number of data and relative spacing, for which one should

3trive, is comparable to that for pH titration measurements (sec. 2+9).

In Sec. 5°6 a procedure is given for the titration of an unknown
chloride solution with standard silver nitrate solution. A pH meter which
permits miilivolts to be read from the scale serves as a conveiuient potentio-
meter for the titration. Thekindicator electrode may be either a piece of
pure silver wire, a silver "billet", or a platinum wire or gauze plated
with silver. As reference electrode & calomel electrode, or, more eon-
veniently, a glass electrode may be used, since no significant change in

PH occurs during the titration. Use of a side-arm type of calomel elec-

trode requires the presente of a potassium nitrate salt bridge, because
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the usual potassium chloride salt bridge will contaminate the titration
solution with extraneous chloride ions. A calomel electrode with a fiber
Junction is acceptable, since diffusion of chloride ion through the fiber
into the titration solution is negligible, but there is likelihood of
clogging of the fiber with fine crystals of silver chloride, disrupting
the electrolytic contact and producing unsteady meter readings.

Precipitation titrations require up to five minutes of rapid mechanical
stirring before equilibrium is attained, esﬁecially near the equivalence
point. The approach to equilibrium is indicated when the measured emf does
not drift more than 3 or 4 millivolts. The titratior. must be contirmwed
well beyond the equivalence point in order that a graph of the measure-
ments will produce a symmetrical curve.

Many graphical methods have been devised for analyzing data from a
potentiometric titration -- for example, plotting first or second deriva-
tives of the potential change as the titration proceeds. With menual
measurements, none of these methods has any particular advantage over a
simple graph of potential (mv) vs. volume of titrant added (ml). The
methods are useful primarily in automated detection sjstems where, for
example, the derivatives of the potential change are determined elec-
tronically and the results plotted by servo recording devices. For
routiie work automation permits more efficient and rapii analyses with
less use of manpower, but does so at the expense of accuracy.

5:6 Procedures. The inst~uctor will assign a pH meter to you for

use as a potentiometer in the experiment. Refer to the instruction pages
and the diagram for that pH meter, for directions as to the proper opera-
ting procedure (see Appendix). Operate the instrument on the 1400 milli-
volt setting for EMF measurement. As indicator electrode, use a simple
silver wire (attached to the instrument by a special connector provided --
see Fig. 5:3) or a commercial silver metal electrode; plug the electrode

into the reference terminal at the rear of the instrument. As reference
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Fig. 5°2 Potentiometric titration of unknown chloride with standard AgNOg
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electrode use a glass electrode, but plug the electrode into the large,
indjcator terminal.* Caution: Keep the glass electrode immersed in
pure water whenever not in use; avoid striking the glass bulb against
any solid object (beaker, stirring bar, ete.). Figure 5°3 shows the
arrangement of equipment for the titration.

The titrant is 0.1 M AgNO; solution, accurately standardized against
pure, dry NaCl. See Procedures 5°2 and 5+3, but make up only 500 ml of
solution containing 8.5 grams of analytical grade AgNOs. ,

Into three 600-ml beakers weigh, to the nearest 0.1 mg, triplicate
samples (properly identified) of about 0.5 g each of the unknown chloride,
previously dried at 110° C. Dissolve each semple by edding epproximately
500 m1 of distilled water and stirring thoroughly. Analyze each solution
potentiometrically as follows.

Immerse the electrodes into the solution and begin vigorous stirring
with magnetic stir bar and motor. Activate the meter (1400 mv setting)
and adjust the needle to read .2 volts prior to titration.**

Titrate the solution with the standard AgNOs, taking potential read-
ings after each addition of titrant. Start with increments of 4 ml, but
cecrease to about 0.2 ml near the equivalence point, so that each change

in potential never exceeds 20-25 millivolts. Allow time for equilibration.

After the equivalence point has been passed, the increments may gradually
be increased again.

Rinse the electrodes thoroughly after-each complete titration., Immerse
the rinsed glass electrode in fresh pure water at the conclusion of the

experiment.

*According to these directions the electrodes are attached to the pH
meter in reverse manner, but this is completely satisfactory for the purposes

of the experiment, because only differences between the two electrode po-

tentials are to be measured. With electrodes assembled this way, the meter
reading should increase as titration proceeds.

*%The value chosen for this first reading is not important, but it should
be no greater than .6 volts, to make sure that the needle will remain on
scale throughout the titration. 1In the analysis, great interest is placed
only upon how the difference between the two electrode potentials changes

as titration proceeds, not on the exact value of the difference.
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burette

connector

glass dM

electro

pH meter

magnetic
‘ stirrer

Figure 5.5 Apparatus for potentiometric titration.
(Ring stands and clamps are required to support the burette and electrodes.)
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For each titration plot millivolts (emf) versus milliliters of silver
nitrate titrant, using rectangular coordinate graph paper. The midpoint
of the sharp break in the curve indicates the equivalence point of the
titration (See Fig. 5°2). From the average of the three titrations, cal-
culate the percentage of chloride in the unknown sample.

ml of AgNOs x M of AgNOs x 0.03545 g/mmole x 100
weight of sample in grams

= %C1

Label your graphs completely and submit them along with your averaged
result.

GRAVIMETRIC METHODS

2;1_ Preliminary Comments. The word gravimetric has reference to a

weight measurement; consegquently, a gravimetric method is one in which an
analysis is performed by means of weighing operations. More completely,
a gravimetric analysis involves the determination of the weight of a pure

substance, which is produced from a given weight of a sample. In the

= .

analytical procedure process, the sample it dissolved, and the substance
sought is isolated from other constituents by the formstion of an insolu-
ble precipitate. Additional operations include the filtration and the
ignition (or drying) of the precipitate.

Not all precipitates are suitable for gravimetric procedures. Con-

sideration of the properties which render a precipitate adaptable toc -

gravimetric work will be reserved for theoretical discussion elsewhere;
as for erample, solubility, purity, filterability, and stability. Even
under optimum conditions, the procedures of gravimetric precipitation are
usually tedious and time-consumirg. On the other hand, some gravimetric
analyses are preferable to comparable volumetric determination because of
greater accuracy. It is also true that many gravimetric precipitations
are necessary because no other satisfactory methods are availsble.

The gravimetric analyses of chlorine in a soluble chloride, and that:
of iron in ferrous ammonium sulfate, have been selected as typical examples
of gravimetric precipitations.

fj___-_é Gravimetric Determination of Chlorine in & Soluble Chloride. The
chlorine content of a soluble chloride is precipitated from a slightly acid
(HNOz) sclution as silver chloride: €17 + Agt = AgCl
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When first precipitated, the AgCl particles are in & colloidal state, but
they are readily coagulated -- when heated -- to produce a curdy precipi-
tate. This type of precipitate is easily filtered, and may be readily
washed free of impurities. The precipitation is carried out in an acid
solution to preveznt interference from anions of weak acids, such as
carbonate ion, which would coprecipitate in neutral media. A moderate
excess of silver ion is necessary to reduce the solubility of the precipi-
tate, but a large excess may result in an error through excessive co-
precipitation.

In the presence of strong light the silver chloride undergoes photo-
decomposition as follows:

AgCl Light Ag + Clp

The white precipitate turns violet in color due to the presence of finely
divided particles of silver. The possible errors resulting from this de-
composition ere interesting. If the precipltate has been washed; the |
results will be low because of the loss of chlorine. On the other hand,
if the photodecomposition takes place in the precipitating solution, the
liberated chlorine molecules react with water and excess silver ions to
produce additional AgCl. This will cause the analytical results to be
too high. The reaction is as follows:

3Clo + 3H0 + 5A4gt = 5Ag01 + Cl03~ + 6 H
The error caused by photodecomposition is far grester in the precipitating
medium than in the washed precipitate. Hence it is necessary to coagulate
the precipitate as rapidly as possible, and to protect it from light during
the aging process.

Some photodecomposition is unavoidable, but with proper precautions
the total error is small. After the washed precipitate is dried, additional
decomposition is negligible.

It is customary to filter and wash the AgCl through either a Gooch
crucible or a red-glass crucible. The latter is more convenient to
use, but it is aarficult to clean, and should not be heated much above 100° C

Preparetion of Crucibles. Three Gooch crucibles are to be used in
the analysis. Before preparing the asbestos mats, examine the crucibles

for distinguishing marks. If none are fcund, mark the unglazed bottoms

e e —— -
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(j} with identifying letters, or numbers, using a special (heat insensitive) }.
marking pencil; keat to redness in a colorless flame, and allow to cool
in the desiccator.
Prepare asbestos mats in the Gooch crucibles as directed in Sec. 3-2.
. It is essential that these mats be made properly. The asbestos soup
should be fairly thin and the resulting mats must be uniform in appear-
ance, and of suitable thickness. An unsatisfactory mat may cause the total
loss of many hours of work involved in the determination. i
Wash the mats thoroughly with distilled water, using a gentle suction,
until no loose fibers emerge witlr the washings. Test by collecting a
portion of wash water in a clean .est tube. Place each crucible in a
small beaker, and dry in oven at 110° C for 1 hour.  Cool in desiccator,
and weigh. Repeat the drying, cooling, and weighing procedure until each
crucible has reached constant weight (within 0.0003 g) .* Keep complete

record of all weighings. The crucible is now ready for use.
Sintered-glass crucibles of medium of fine porosity may be used in
; place of the Gooch filters. If crucibles are not new, remove visible dirt
with detergent and water. Place in crucible holder and £ill about half-

weay with concentrated nitric acid; draw through mat with gentle suction.

e Bl
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Repeat once again with nitric acid, and then wash several times with water. !

If erucibie mat is nct clean, discard washings from filter flask, and .

repeat washing operations using 6 M ammonia. Rinse several times with

distilled water. Dry crucibles in oven, and bring to constant weight.*

Procedure. Dry the impure chloride at 110° C for at least one

hour. Weigh out (to 0.1 mg) three samples between 0.3 and 0.4t g into

' 400-m1 beakers (properly identified). Dissolve in approximately 100 ml
of distilled water and add about 1 ml of concentrated nitric acid.** To

*Drying and cooling periads should be approximately the same; other-
wise, it will be difficult to attain constant weight. For example, if the
crucible is dried for one hour and permitted to cool 20 minutes, the same

intervals should be used when the procedure is repeated.

&*Nitric acid aids in coagulating the precipitete; it also recuces co-
(:) precipitation. 1

‘.
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the cold solution, add slowly, with constant stirring, 80 ml of your 0.1 M

AgNOs solution (previously prepared in Sec. 5-2). Cover with watch glass,

and heat nearly to boiling; continue to hest gently until the precipitate
is coagulated. Test for complete precipitetion by adding a few drops of
AgNOs solution. Avoid exposing the beaker {containing precipitate and

solution) to light any longer than necessary. Store in desk overnight,
and keep in darkened area until ready for filtering.

Prepare & wash solution by adding soout one ml of concentrav. nitric
acid to 500 ml of distilled water contained in the wash bottle.

Place a prepared filtering crucible in the filter holder as indicated

in Fig. 3+1, and apply gentle suction. Carefully decant the liquid above
the AgCl precipitate through the filter. Guide the liquid into the crucible
by means of a glass rod as shown in Fig. 5°1, retaining as much of the
precipitate in the beaker as possible. ,

Add roughly 25 ml of wash solution to the precipitate in the beaker,
stx® well, and allow to settle. Decant the washing through the filter;
still retaining the bulklkzof precipitate in beaker. Repeat the washing
procedure once more, then transfer the precipitate to the filter with the
aid of a stirring rod and a stream from wash bottle (Fig. 5.1). Particles
clinging to the beaker may be scrubbed away by means of a rubber policeman
on the end of a stirring rod.  Wash such particles into the filter.

Detach the funnel (including the filter and support ring) from the
filter flask; insert the fuinel into the mouth of a clean test tube. Add
2 or 3 ml of wash water, and allow the water to drip into the tube. Test
for complete washing by adding a drop of hydrochloric acid to the filtrate
in the test tube. If no cloudiness occurs, the predipitate has been washed
sufficiently. In case of cloudiness continue the washing with wash solu-u
tion until the test produces no c¢loudiness.

Dry the crucible and contents‘Oin a small beaker) at 110° C until
constant weight is attained (within 0.0003 g). Drying and cooliné periods k
should be approximately the same as before: dry fior one hour, cool for ;
20 minutes, and then weigh. Record all data. |

Calculations. Compute the weight percentage of chloride by multiplying
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the gravimetric factor. 1/AgCl, times the ratio of the dried precipitate
over the weight of sample, as follows:

Cl x wt. of dried ppt. in grams
AgCl wt. of sample in grams

2.9 Ihe Gravimetric Analysis of Iron in Ferrous Ammonium Sulfate. The

gravimetric analysis of iron in any type of mineral is a time-consuming

x 100 = % chlorine

process, which may contain a number of pitfalls. On the other hand, the
gravimetric determination of iron in a' impure salt is relatively simple
and straightforward; it gives the student the experience of dealing with
a gelatinous precipitate without the pitfalls attendant to the analysis
of & mineral.

Ferrous ammonium sulfate, FeSO4.(NHs)2S04°6Ho0, containing known
quantities of impurities, is selected for analysis because of three
desirable properties: (1) relatively high chemical stability, (2) con-
venience in handling, and (3) solubility in slightly acid solution.

The iron salt must not be dried in the oven because at an elevated
temperature the ferrous ion is slcwly converted to the ferric state before
weighing, thereby introducing a significant error.

The ferrous salt is weighed, and then dissolved in distilled water
which has been acidified with hydrochloric acid. In contact with air,
the iron in ferrous salt solutions is slowly oxidized by dissolved
oxygen;

b Pett + 02 + 2H0 = hret™ + bhow
and unless the solution contains excess hydronium ions (to remove hys
droxide ions) the iron will be partially precipitated in the form of
ferric basic sulfate:

Fet™ 4+ O + 80.° = Fe(OH)SO4
The addition of HC1l prevents this precipitation.

The ferrous ion is oxidized to the ferric ion with nitric acid as is

indicated by the following equation:

3Fett + Nogm + b EHF = 3Zmett 4+ NO o+ 2 H0
Iron in the ferrous state cannot be compdetely precipitated with ammonia,
whereas iron as the ferric ion may be precipitated quantitatively even in
& slightly acid solution. For gravimetric precipitation, iron is always
oxidized to the +35 oxidation state.
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When iron, in the tripositive state, is treated with ammonia, it is
quantitatively precipitated as hydrous ferric oxide,
opettt + 6 NHs + xHs0 = PepOs-xHo0

The precipitate is so gelatinous in nature thet it cen be regarded as a

flocculated colloid. The enormous surface presented by the primary
particles is conducive to extensive contamination by adsorption. Since
the precipitate cannot be purified appreciably by digestion, it is
necessary to resort to double precipitations to remove nonvolatile
contaminants.

If the precipitate formed in the ammonia treatment is regarded as
Fe(OH)s, it is stabilized by the primary adsorption of hydroxide ions, and

the secondary adsorption of any cations (M™ or M™") which may be present

_in solution. Consequently, the flocculated particle may be represented

as: PFe(OH)s*OH ...M" (or M™). If a large excess of ammonium ions is
present in the precipitating and wash solutions, the counter ion (MY), i
during and after the double precipitations, will be largely the ammonium
ion. The precipitate can then be irndicated as: Fe(OH)z'OH ...NHs .
Since the ammonium ion is volatilized during the ignition of the washed
precipitate, little or no error results from this adsorption.

The precipitate is finally ignited to and weighed as the oxide:

Fes03°xH0 > Fes03 + xH=0

The ignition requires considerable care: the paper must be burned off
slowly, with a good circulation of air in the cruecible to prevent re-
duction of the ferric oxide, and the final temperature (about 850° C)
must be sufficiently high to remove all water from the oxide.

Preparation of Crucibles. Three porcelain crucibles are to be used

as containers for the ignition.of the precipitates of hydrous ferric oxide.
These crucibles are relatively stable up to 1000° C in the absence of
alkalies, alkali carbonates, or fluorides. Above 10009 ¢, the porcelain
glaze melts, and the bodies of the crucibles will begin to soften. An
ordinary Tirrill burner (a doubly regulated Bunsen burner) does not give

a sufficiently high temperature for ignition. It is customary to use
either a Meker burner, or a muffle furnace to attain the desired tempera-
ture of about 850° C.




Examine the crucibles for identifying marks, and if none are found,
merk the unglazed bottoms with your initials and a sequence of numbers,
using a special, heat-resistant marking pencil. Check for hidden cracks
in yhe crucibles.* Heat the bottoms of the dry crucibles to redness in
a colorless flame produced by a Tirrill burner, and allow to cool in the
desiccator. Iron stains within a crucible from previous determinations
do not affect the present analysis. .

Bring the crucibles to constunt weight (within 0.3 mg) by placing
them in a muffle furnace for twenty minutes; allow to cool in open air
for 3 minutes {no more), and then cool in desiccator for twerty minutes.
Each of the heating and cooling intervals g§ould be the same; otherwise,
it may be difficult to get the crucibles tgiconstant weight. If a muffie
furnace is not available, a Meker burner may be used.

Precipitation and Filtration. The unknown samples are not to be
driéd. Weigh out (to 1 mg) three samples between 2.0 and 3.0 g into

400-m1 beakers. To each portion add 50 ml of water and 5 ml of concentra-

ted hydrochloric acid; heat until samples are dissolved. Continue to heat
until the solutions are boiling, and then add about 30 drops of concen-
trated nitric acid, drop by drop, by means of a pipette, until the darkened
liquid clears to a yellow. Continue to boil for 3 minutes to expel the
oxides of nitrogen. Dilute the solution to 200 ml; heat again to boiling,
and add slowly with stirring (from graduate) 25 ml of 5 M ammonia. (If
the ammonié water from the reagent bottle is net perfectly clear, it
should be filtered; otherwise, silica from the glass bottle will cause an
appreciable error in the analysis.) After the precipitation is complete,
a strong odor of ammonia shouldppersist above the solution. If not, add
more ammonia. Continue to digest for about 1 minute; then, without delay,
decant the clear supernatant liquid through a coarse-grained "ashless"
11-cm filter paper (Whatman No. 41 or equivalent) into & 600-ml beaker,
keeping as much as possible of the precipitate in the original beaker.

Add to the original beaker 50 ml of ammonium nitrate wash solution (1 g

*¥A sound crucible -- without 1lid -- produces a distinet ringing tone
when dropped onto its base from a height of half-an-inch. An infirm cru-
cible produces only a dull thud.
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c of ammonium nitrate per 100 ml of water), heat, and decant the hot washing
through the filter paper. Repeat the washing procedure once more, then
remove the 600-ml beaker and discard the clear filtrate.

Place the original 400-ml beaker (containing the bulk of the preci-
pitate) under the filtering funnel. Take care not to get different samples
mixed. Now pour 10 ml of 6 M HC1 slowly over the filter, so as tc dissolve
completely any precipitate on the filter. Wash the filter two or thlree
times with hot water. When the last wash water as drained into the beaker,
dilute to 200 ml. (If you do not have at least one hour available to
complete the double precipitation, stap at this point, and store beaker
covered with watch glasses in your desk.) Precipitate once again by
adding an excess of ammonia, which should be approximately 25 ml of 6 M
ammonia. Repeat the filtration, this time transferring the precipitate
quantitatively to the filter paper during the washing operations. Rub
loose any particies adhering to the beaker with a rubber policeman
attached to the end of the stirring rod. Continue washing the precipi-
tate with hot wash water, containing ammonium nitrate, until a 5 ml

it portion.'of the wash water passing thrcough the filter paper gives only a

faint cloudiness with silver nitrate. Once started, the filtration can-

not be interrupted, because if the hydrous ferric oxide dries, the surface

N g S i TS b 1 AR TS A

cracks, and washing becomes ineffective. Wipe the beaker with a small
piece of dry ashless filter paper to remove the last traces of the pre-
cipitate, and add the filter paper to the precipitate in the funael.
Allow the filter and its contents to drain thoroughly. Fold the edge

of the filter paper inward to cover the precipitate, then 1ift it
carefully from the funnel, and place upside down in a previously ignited
ana weighed crucible. '

Ignition of Precipitate in Paper. The crucible and its cont-nts are

placed in a beaker (covered with a watch glass), and dried in the oven for

about 20 minutes, or overnight if convenient. The crucible with cover is

next set in a triangle on a riang stand and heated over a low Tirrill
flame. The height of the flame is increased gradually to carbonize the
paper. The crucible is kept covered during the carbonization, but the

cover may be lifted to observe the progress of charring The paper

l).’.
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must not be allowed to burst into flame. When the paper is completely
charred, as revealed by its black color, remove the cover, and transfer
the uncovered crucible to a muffle furnace. Bring the crucible and
contents to constant weight (within 0.3 mg). The time intervals for
hesting and cooling should be the same as used in getting the crucibles
to constant weight: hreat 20 minutes; cool in open air 3 minutes, and
then cool in desiccator for 20 minutes. When placed in the desiccator,
the crucible should be covered; otherwise, a partial vacuum in the
desiccator produced by the cooling crucibie, may cause che contents of
the crucible to be sucked out when the top of the desiccator is removed.
Always slide the top of the desiécator slowly when opening it.

In the absence of a muffle furnace, a Meker burner may be used in
bringing the crucible and its contents to constant weight.

Calculations. The iron content of the original sample is obtained

by multiplying the gravimetric factor, 2 Fe/Fep0s, times the weight of

ignited precipitate over the weight of the sample, as foilows;

2 Pe % wt. of ignited ppt. in grams
Fes0s wt. cf sawple in grams

x 100 = % iron
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Appendix

INSTRUCTLuNS FCR OFERATIONS CF pH METERS

A-1 Beckman Zerometic pH Meter, 9600 Series. General: The instru-
meiit is sketched in Fig. A-1. At the froat of the meter, the three pairs
of buttons are switches for joining warious parts of the circuitry:

(1) The pH controls (MAN. and AUTO.) are used only during pH measure-

ments.

The MAN. button allows manual temperature regulation (using
the upper left control dial).
The AUTO. button is used only in conjunction with an antomatic
. thermo-compensator unit.
(2) The MILLIVOLT controls (£700 and 1400) are used only during emf
(millivolt) measurements.
The +700 button is used whéh one wishes to measure the absolute
potentiel difference (in millivolts) between two electrodes;
the voltmeter scale reads only from +.7 volts to -.7 volts, a
Q? total span of 1.4 volts, with the "zero" position on the scale
automatically reset once every:second to correspond exactly
to a potential difference of zero volts.
The 1400 button also provides a total voltage span of 1.4 volts
but the "zero" may be set manually (lower left control dial)
to correspond to any emf value desired.
(3) The EIECTRODE controls connect and disconnect the electrodes from
the measurement circuitry.
Keep STANDEY depres;ed except when taking readings.
Depress READ only during measurements when electrodes are in
contact with liquid to be measured; a "clicking" should be

neard when FEAD button is down.

The O to 14 scale on the voltmeter is used for determining pH, or
Tor measuring emf with the 1400 button. Thz +7 to O to -7 :caie is

used in conjunction with the 700 button in emf measurement.
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Fignre A1 Beckman Zeromatic pH meter, 9600 series.
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The TEMP. control dial, used ounly for pH measurements (inoperative
during emf measurements), electronically compensates for the temperature
of the solutiox being measured {range O to 100° C). In effect, it

. 2.305RTy . .
adjusts the value of the coefficient (- N ) in the equation:

. 2.3C3RT
Eglass electrode = ° * oy 198 3

so that the scale spacing of the meter is accurately calibrated for
changes in (-log aH+).

The ASYM. bontrol knob, in effect, electronically accounts for the
value of E* in the equation above.

In pH measurement, the ASYM. knob is adjusted while the electrodes
are imnersed in a buffer sélution of known pH, until the meter
needle points to that pH value. This adjustment brings the

meter needle into accurs'e position with respect to the scale

of the meter.

In emf measurement; the ASYM. knob is used only in conjunction
with the 1400 button (inoperative with +700 button), to vary

the "zero" position on the miliivolt scale.

The electrodes plug into the right rear of the instzrument. The
glass electrode fits into the larger opening. (The instrument is
designed for only Beckman glass electrodes, but devices for connecting
other types of electrodes are availeble commercially.) Any glass
electrode which has been left out of water for an extended pericd of
time must be re-conditioned before use, by immersing the electrode for
at least two hours in a solution of pH 7 buffer or for several hours
in pure water. The soaking is necessery to hydrate the special, soft
glass at the electrode tip. The reference electrode may also need to

be soaked to remove crystallized KC1 from the fiber junction:at the

tip.
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I €§§ pH Standardization with Buffer Solution (without auto. temp. com-
: pensatcr}: The meter must be standardized before each series of pH
measurements, using & buffer solution of kaown pH, For accurate work,
the pH of the chosen buffer should be within 2 pH units of the values
\ expected for the unknown sample at its equivalence point, and the
eﬁ buffer temperature should correspond within +10° C to the temperature
N . of the unknown sample solution. Stepwise directions follow.
N (1) Have available (in ad@ition to a magnetic stirrer, stir bar,
and buffer solution, which are provided with the instrument):
a thermometer for measuring solution tempersture;
a wash bottle with distilled water for rinsing electrodes;
8 beaker for catching all rinse water;
a beaker filled with pure distilled water in which to immerse
the electrodes while not in use -- clearly labelled;
a small beaker {or two) for the buffer solution(s) -- clearly
labelled as %o buffer; and
any additional beakers needed for thevunknown solutions
being measured -- clearly labelled.

Ny (2) Depress STAND-BY button. If unplugged, connect power cord to

115 v-a-c outlet and wait 2 minutes for warm-up. (Transistorized
mcdels require no warm-up time.) Meanwhile attach the elec-
trodes securely to the rear of the console.

(3) Rinse electrodes with distilled water, then immerse them in
buffer soiution of known pH. Electrodes must not contact

‘ stirring bar and walls of beaker.

;& (&) Depress MAN,; set TEMP. knob to temperature of buffer solution,

;ﬁ after allowing for temperature egquilibretion.

:ii (5) Depress READ; adjust ASYM. kncb until METER needle indicates

| correct value for pH of buffer solution (0O to 14 scale). Un-

steady readings indicate a loose electrode connection or &

%] . broken electrode.®

i (6) Depress STAND-BY; rinse: electrodes with distilled water. The

meter is now standardized.

:15 §§Z *ggzg: In case of dsmage wo & fragile electrode, real or imsgined,

notify the instructor at once.
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%3 a check on the accuracy of the pH reading, the instrument may be
re-standardized with & second, different, buffer solution. The new pH
reading should agree closgely with the expected value for this buffer,
without change in the ASYM. knob. Do not discard either buffer solution
from its beaker until you have completed the ENTIRE pH experiment. Con-

tinue immediately with pH measurement of unknown sample, according to
the 'following stepwise procedure.

pH Measurements on an Unknown Sample Solution: This procedure must
be preceded by pH standardization (above).

(1) Immerse rinsed elecircdes in sample solution under investigation;
stir vigorously but without splashing -- the tips of the electrodes
must remain submerged at least 10 mm.

(2) After temperature equilibration, set TEMP. knob to temperature
of sample solution.¥* :

(3) Depress LSAD, and record pH value of sample solution from METER
(0 to 14 scale).

(4) Depress STAND-BY.

Repeat (3)-(4), as desired.

Dﬁiing titrations, keep the electrodes immersed in the solution
while adding titrant. Allow a few moments for equilibration before
taking new readings: steps (3)-(4) repeated.

(5) When ready to discard the solution, at completion of the titra-
tion, rinse'}he electrodes thoroughly and store them in distilled

vater. Leave pH meter plugged in, with STAND-BY depressed.

-

The above step- are followed anew for each additional tit¥ation.on
a new solution. The pH standardization of the instrument should be re-

checked before and after each series of measurements, but not during
a titration,

*There is often an appreciable tempersture rise during pH titration,

due to heat of neutralization and heat conduction from the stirring motor.

Trkis may be psrtially compensoted for by inserting a water-bath-cooled
plastic disc between the titration beaker and the stirring motor.
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EMF Measurements in the +700 mv to -700 mv range:
ments, neither the TEMP. nor the ASYM. knobs are used.
(in addition to a magnetic stirrer, stir bar, and buffer solution, which

For such measure-

Have available

are provided with the instrument):
a wash bottle with distilled water for rinsing electrodes;
a veaker fof cafching all rinse water;
a beaker filled with distilled water for immersing the electrodes
when not in use -- clearly labelled;
any additional beakers needed for the unknown solutions being
measured -- clearly labelled.
The stepwise procedure follows:
(1) Depress STAND-BY button.

115 v a-c outlet and wait 2 minutes for warm-up.

If unplugged, connect power cord to
Meanwhile attach
the electrodes securely to the rear of the console.
(2) Rinse electrodes with distilled water, then immerse them in the
unknown sample solution.
(3) Depress £700 button.
(4) Dep;gss READ, and record the emf value for the solution (using
the +7 to O to -T scale and multiplying by 100 to obtain mv units).
(5) Depress STAND-BY. '
Repeat (4)-(5) as desired.
During titrations, keep the electrodes immersed in the solution
Allow a

few momerts for equilibration before taking new readings by a

while adding titrant; stir vigorously and continuousiy.

repetition of steps (4)-(5).
(6) When resdy to discerd solution, after titration, rinse the elec-
trodes thoroughly and store them in distilled water. Ieave pH

meter plugged in, with STAND-BY depressed.

Repeat the above six steps for each new titration or new solution
analyzed. Unsteady readings indicate & loose electrode connection or a
broken electrode. Notify instructor et once, in case of damage to a
fragile electrode.

An emf value read with the £700 button depressed, corresponds pre-
¢isely to the true potential differerce between the electrodes at the

time of measurement.
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‘1 EMF Measurements, using the 1400 butiton: For such measurements, the
TEMP. knob is not used. The ASYM. Knob adjusts the posicion of "zero"

volts (emf) on the meter. Have available (in addition to a magnetic

stirrer, stir bar, and buffer solution, arranged with the instrument) the
same equipméht listed for *700 mv measurement. The stepwise procedure
follows:

(1) Depress . \ND-BY button. If unplugged, comnect power cord to
115 v a-c outlet and wait 2 minutes for warm-up. Meanwhile
attach the electrodes securely to the rear of the console.

(2) Rinse electrodes with distilled water, then immerse them in the
unknown sample solution.

(3) Depress 1400 button.

(4) Depress READ; turn ASYM. knob until METER reading is set at a
value satisfactory for the subsequent titration (so that all
readings will be on scale during the titration); record the
meter reading (using the 0 to 14 scale and multiplying by 100 to
obtain mv units). Do not manipulate ASYM. knob for the remainder
of the titration.*

(5) Depress STAND-BY.

*If a subsequent reading approaches the edge of the meter scale,
add or subtract a definite number of millivolts from the reading, and
reset the needle to the new position (using ASYM. knob). Make note of
the change in emf reading, and correct all subsequent readings accord-
ingly. The 1400 button is commonly used for emf titrations when true
emf values are not required. Although the first reading (in millivolts)
does not necessarily agree with the absolute millivolt potential
difference between the electrodes, the meter scale does read relative
millivolt units quite accura*ely, so that emf changes during titration

can be measured with precision.
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(6) To cheek the reading, depress READ, record the meter reading, thea
depress STAND-BY. Repeat check, as désired.

During titrations, keep the electrodes immersed in the solution
while adding tibtrant; stir vigorously and continuously, but without
splashing. Allow a few moments for equilibration, before taking new
readings by step 6 procedure. |

(7) When ready to discard solution, after titration, rinse electrodes
thoroughly and store them in distillec water. ILeave pH meter
plugged in, with STAND-BY depressed.

Repeat the above sewmen steps for each titration on a new solution.
Unsteady readings indicate a loose electrode connection or a broken
electrode. Notify instructor at once in case of damage to a fragile
electrode.

.
s




A-2. leeds and Northrup pH Meter, Model ThOl. General: The instru-

ment is sketched in Fig. A.2. At the front of the instrument are four
control knobs used to join together and calibrate vearious parts of the
‘circuitry:
(1) The left-hand knob sets the desired function.
MAN. TEMP is used for pH measurements with temperature set
manually (by adjustment of TEMPERATURE knob).
AUTO. TEMP is used for pH measurements only in conjunction
with an automatic Thermohm compensator.
T00 MV is used for millivolt measurements (e.g., redox
titrations) when the actual difference in emf between the
electrodes does not exceed 700 mv.
1400 MV is used for millivolt measurements not exceeding
£1400 mv. | y
(2) The TEMPERATURE knob, used only for pH measurements, elec-
tronically compensates for the temperature of the solution béing measured
(range O to 100° €). In effect, it adjusts the value of the coefficient
(- 243%332) in the equation
Bolass electrode = B+ 2.ng;RT 10g 2y

so that the scale spacing of the meter is actually calibrated for changes

in (rlqg aH&)-

(3) The ZERO & STANDARDIZATION knob is used to position the meter
pointer correctly on the scale. In effect, it electronically accounts for
the value of E! in the equation above. In pH measurement, it is adjusted
while the electrodes are immersed in a buffer solution of known pH, so
that the meter pointer is accurately positioned with respect to the scale
on the meter. In emf measurement, the knob is used with both the TOO and
the 1400 knobs to adjust the meter pointer to "zero" position on the
millivolt scale. (Note that the "zero" positioﬁ may be placed at either
end of the meter scale, depending upon whether emf measurements are
expected to be negative values or positive values.)

The ZERO & STANDARDIZATION knob is a combination of a coarse

and a fine rheostat operated from the same shaft; a backlash vernier

i
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Figure A2 Leeds and Northrup Stabilized pH Indicator.
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permits turning the fine rheostat a fixed distance in elther direction
_'be ‘ore engaging the coarse rehostot. Therefore, in using the knob to .

set.the meter p01nt°r to a certain de51red value, the knob is turned

-

continuously -- in either direstion -- until the meter pointer barexy
-passes beyond the de31red value (coarse control), then a sllght reverse .
motion of the knob brlngs the p01nter back ¢o the desired reading (fine
.control,.- Remember this-procedure when foilowing the sbepw1se divections
be.lov. : _ ) _ ‘

(4) The - ight~hand knob connects and. disconnects the électrqﬁes
from the measuremert clrﬂuvtrj. Keep the switch on ZERO, except when
making & reading with the eiectrodes. The MEASURE positioﬁ is used only
during actuel measuremerts of pH or emf (not during setting of emf "zero®)
when electrodes are inccontact with liquid to be measured. .

The METER is provided with four different scales. For pH measure-
ments, only the top scale (0 to lh) is read. For emf measurements at
TOO MV positicn, the O to +7 scale is used (if "zero" has been set at
left end of scale) or the -7 to O scele € irnd aéru“ has- beén set’ .aburight
end 6f écale -- negative values being recorded). For emf measurements

' ‘ at 100 MV position, the corresponding scales to read are those from
0 to +14 and from -14 to 0, respectively.

The meter is also provided with a thin MIRROR beneath the scales.

Tc read the meter most accurately, close one eye, and align the
meter pointer with its reflection in the m,rzored surface, using the
other eye. Your eye should then be positioned ccrrectly for taking a
precise reading on the meter scale. It is helpful to tap thq meter case
gently near the peinter -screw immediately before taking a measurement.

The electrodes plug into the right rear of the instrument. The
glass electrode fits into “he larger opening, labelled MEAS(-). The
other electrode fits into the small opening, labelled REF(+). The
instrument is désigned Tor Leeds and Northrup giass electrodes, but
devices for connecting other types of elecirodes are available commer-
cially. Any glass electrode which has been left out of water for an
extended period of time must be re-conditioned before use, by immersing

e the 2lectrode for at least two hours in a solution of pH T buffer or

for seversl hLours in pure water.
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pH Standardizaticn with Buffer Solution'(vithout automatic Thermohn
- compensatbr)' ‘The 1 and N meter mL t be Stariaralzed befbre eaca serles_
of pHimeasurements, usvng ‘a buffer so]utlon of kncm pH. For aecurate
work, %he pH of the chosen buffer should be’ 41 thin 2 pH unnts of the

values expected for the Lnknown sample at 1ts equlvalence point, and the
buffer temperature shoulo‘cprré8pond within +10° ¢ to the temperature
.0f the unknown sample solution. ‘étepw;se directions follow.
(1) If power cord is unplugged (and has been for at least 10 minutes),
meter pointer should rest at pH 7.00. If it -does not, have the
instructor adjust the POINTEP SCPEW slightly. (This adjustment

is rarely necessary except after a period of non-use or immediately
after transporting an instrument. to a new location.)
(2) Have available (in.addition to a magnetic stirrer, stir bar, and
. buffer sclution, which are provided with the instrument):
& thermometer for measuvring solution temperature;
& wash bottle with distilled water for rinsing electrodes;
a beaker for catching all rinse water; l
& beaker filled with pure distilled water in which to
immerse the electrodes while not in use -- clearly
lebelled; ' _
. & small beaker (or two) for the buffer solution(s) --
clearly labelled as to buffer; and ‘ '
any additionel beakers needed for the unkncwn solutions
being measured -- clearly labelled.
* (3) Turn right’ switch to ZERO. ' If unplugged, connect power cord to

115 v a-c outlet and wait 2 minutes for warm-up. (Transistorized
models require no warm-up time.) Mesnwhile attach the electrodes
securely to the rear of the console.

(4) Rinse electrodes with distilled vater, then immerse them in buffer
solution.of known pH. Electrodes must ‘not  contsct stirting bay
and walys of beaker.

(5) Turn left switch to MAN. TEMP; set TEMP. knob to temperature of
buffer solution, after allowing for iemperature equilibration

| . 6 (about 5 minutes).
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‘i§ {6) Purn right swi'ch to MEASURE; adjust ZERO & STANDARDIZATION kncb

uni,il METER POINTER indicates correcy value for pH of buffer solu-
‘tion (0 to 14 Sﬂa1e}. Unsteddy readlngs 1nd¢cate & loose electrode
cornectior. or a hroken electrode,¥ 5 '

(D Turn right °w1tch to- ZERO- rlnse eleetrodeq with d1s+=lled water.

| The meter is now standardized.

(8) Record (for thure referenre) the present meter p01nuer reaalng
[¢: A ) with the right hand switch at ZERO, and the

+temperature of the buffer (Tbuffer = vese-)s

As a Check on the accuracy of the pH reading, the instrument may
be re-stendardized with a second, different; buffer solution. Tne new
PH reading should agree closely with the expected value for this buffer,
mmmmm@mwm&mmmmmmmDmmmwym@
buffer solution from its beaker until you have completed the ENTIRE pH
experiment. Continue immedistely with pH measurement of unknown sample,

according to the following stepwise procedure.

pﬁgﬁeasu;ements on an Unknoen Sample Solution: This procedure must
be preceded by the pH standardizetion {above). |
(1) Tmmerse rinsed electrodes in.sample solution under investigation;
stir vigorously but without splashing -- the tips of-the electrodes-
must remain submerged at least 10 mm.
(2) After temperature equilibration, set TEMP. knob to temperature of
sample solution.¥* Record this temperature (*sample = vvs..) for

possible future reference.

*NOIE: 1In case of damage to a fragile electrode, read or imagined,

. notifly the instructor at once.

**There is often an appreciable temperature rise during pH titration,
due to heat of neutralization and hest conduction frcm the stirring motor.
This may be partially compensated for by inserting a water-bath-cooled

- plastic disc between the titration beaker and the stirring motor.
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Qi; (2) Turn rizht knob to MEASURE, and record pH value of sample solution
froa METER {0 to 14 seale).

(4) Beset rignt knob td ZERO.
Repeat (3)-(L}, as desired.

. - During titrations, keep the electirodes immersed in the solution

while adding titrant, Allow a few moments Tor equilibretion before
teking new readings: steps (3)-(¥) repeated.

(5) Wﬁen feady to discard the solutioﬁ, ét complecion of the titra-
tion, rinse.the'electrode?‘thoroughly and store them in distilled

water. Leave pH meter plugged in, with right knob at ZERO.

The above steps are followed anew for sach additional titration on
* & new solution.

(For a simple recheck of the pH standardization at any time dpring a

series of measurements (I and N ¢ meters only), set right knob at ZERO,

and set TEMPERATURE knob at the value Tbuffer' The meter pointer should

then read the v&lue-Rqero;-if it does not, the ZERO & STANDARDIZATION
gﬂ? *  knob may be turned slightly so as to rewdjust meter needle to R
| The TEMPERATURE knob is then returned to the value TS

ment is resumed.)

zero’
1e? and measure-

anp

EMF Measurements: For such measurements, tlé TEMPERATURE krob is
not used. ﬁave available (in addition to a magnetic stirrer and stir
bar which are provided with the instrument):

a wash bottle with distilled water for rinsing electrodes;

a beaker for ce.ching all ;iﬁse’ﬁﬁter;
a_beaker Tilleu with distilled water for immersing the electrodes.
when not in use -- clearly laballed; _
any additional beakers needed for the unknown solutions being
measured -- clearly latelled, ' -
The stepwise procedure follows:
(1) Set right switch et ZERC. If unplugged, connect power cord to
115 v a-c putlet and wait 2 minutes for warm-up. Meanwhile
attach the electrodes securely to rear of console.
@ (2) Rinse electrodes with distilied water, then immerse them in the
unknown sample solution,
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d‘k (3) Set left switeh to 700 or 1400 (depending upon the range of emf |
' . Treadings-needed for your study: respcctlvels £720 mv or +1%C0 mv)._
ST T (B) Avgust ZERO & STANDARDIZATTON. knob tntil meked POTNTER réads zero

(et either the left or right end of the rcale, depending upon
whether tne emf readlngh will be, respectively, positive or

{o . - negat ive in value)

¥ _ (5) Set rxght switch to MEASURE, and record +the mmf value fbr the 3
- ' ' _ ' solutlon. Be sure to use the 0o*reot scale on the meter, denend- |
i - R - - ing-upon settings (p)‘and (h) abeve. . - o ' 5'
B |

'

If the pointer reads off scale, make new settings (V1a stens 3 and b
above) until & satisfactory measurement is obained. E,
During titrations, keep the electrodes immersed in the solution : :
; ‘ - . while adding titranty stir vigofously and continuously but without ;
: ) ] " spléshing. Allow 2 few moments for equilibration Before taking new .
readings by a reﬁetition of steps {(3)-(4)-(5).
(6) When ready to discard solution, after titration, rinse the elec-
) iEE trc&és thoroughly and store them in distil;gd water. Leave pH
£ meter plugged in, with right switch at ZERO. .

3
T o et Gkt e bl Rk R tae W .

Repeat the above six steps for each new titration or new solution ;{
analyzed. Unsteady readings indicate a lcose electrode connection or a ‘
' broken eleét.z'ode° thify iﬁs;ructor at once, in case of damage to a
27% . fragile electrode. . .
Both the 700 and 1400 settings provide emf values corresponding
precisely to the actual potential difference between the electrodes &t

. . " the time of measurement. - _ . S

N |
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3 . EQUIPMENT AND CHEMICALS
P . R 1 of Equipmert, . | ’ e e
- 'Returnable items
2 Beskers, 50 ml .. 1 Flask. Fidrence, flat-bottom, 500 ml |
2 Beskers, 150 ml © -1 Flasb, volumetric; 250 ml
. -2, Beakers, 250 ml .. . 1 __Flas_k_, volumetric, 1000 ml . .

’\ 2 Beakers, 40O ml . : 3 Funnels, -_ fluted, iong stem, 65 mm :
” 2 Beakers, 600 nl : 4 Glass rods, stirring, 125 x 4 mm :
: 1 Bottle, 5 pint, plastic top 1 ‘Leck, combination, with has'p ) ‘R

-1 BbttIe',' 2 liter, unshtoppered 1 Pipet, volumetric, 25 ml 7:

: 2 Bottles, 1 liter, glass~stoppered - 1 :Rrbber stopper, solid, No, 7 or 8. :
- 1 Bottle, 1/2 liter, glaess-stoppered 1 Rubber stopper, 1l-hole, No. 7 or 8 V-
. 1 Bottle, 250 ml, wide-mouth . 1 Rubber stopper, 2-hole, No: 7 or 8 :

” 3 Bottles, weighing . 1 Rubber stopper, 2-hole, No. 5 § :

1 Brush, test tube 2 Rubber tubing, (1/h x 3/32), 3 3
o 2 Durets, 50wl 1 RubiZigzz:i:Zr 1()i;;:ezsa/52) 3 g ]
i 2 Burners, Tirrili, natural gas . length, ut:f.lity ? t
1 Casserole, porcelain, 210 ml 2 Rubber tubing, (l/lt x 3/16), 3 £t ,
d 1 Clamp, Hoffmsn, screw type lengths, suction, thick wall
1 Clemp, test tube ~ - . 1 Spatula, micro B ;
" 3 Gruciiales, porcelain, No. O 1 Support, funnel, wood, with clamp
3 Crucible covers, porcelain, No. O 4 Test tubes, 150 x 20 mm
3 Crucibles, Gooch, porcelain, No. 3 '1 Thermometer, 110° C -

1 Crucible holder, rubber ring 1 Tongs, crucible, cadmium plated stesl

e .- ForGooen . - 2 Triapgles, nichrome, wire
, 1 Cylinder, graduated, 25 ml 2 Tripods, iron, threaded legs
: 1 Cylinder, gradusted, 100 ml 2 Watch glasses, 50 mm

1 Desiccator, with procelain plate 2 Watch glasses, 100 man
3 Flaglég,mﬁrlenmeyer » wide-moukh, 2 Watch glasses, 150 mm
. 1 Flask, filtering, side-arm, 500 ml = ‘“irc 8auzes, 100 x 100 mn

1 Wing top for bturner
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[ ' 1_&.;1: Iist g__fz-Eguigm_gpt {continued)

| ] Noareturnable items

| .2._Gorks, F¥o. 2 B . %1 Pencil, wax _
1 File, trlangular . " 3 Rubber policemen
1 Iabels, bex - — .. " * 77 2 Ribber shock absurbers for T
1 Litmus, paper, blue, vial ] grad.uates .

E 1 ILitmus, paper, red, visl 1 bpongn

e | & Matches, boxes o & Towels . S

Eﬁ o ] : 2 Tubes, glass, 750 x 6 mm

E

E )

N . e L

. .- . . .

|

% General Equipment

! 3 Asbestos gloves Furnace,. muffle

|' Balances, ana.iytical ' Oven, dvying ‘

g Balences, triple beam - pH meters (pH and millivolt scales)

:“ Buret holdero , double ’ castalov Ringstands mth porcelain base

- - . . s

j quorlmeters (with cuvettes) Stirrers, magnetic, (wite coated bars)

Filter paper, Quentitative Tongs for muffle furnace

(11 cm, various porosities)
Flasks, Erlenmeyer; 250 ml

Wiping tissue
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A4 Acids and Bases

L . - T

- Acfeti.c acid, 1T M
‘Acetic.acid, 6 M-
manie, 15 %
Awmonia, 6 M
ﬁyﬁro;hlqric ﬁci&; 12 g
Fyﬁrochloric acid, .6 M
Nitric acid, 15 M

Nitric acid, 6 M

.’)

?0% Sodium hydr?xide, 19 M
" “Sodium hydroxide; 1M

Sulfuric acid, 18 M

Sulfuric acid, 3 N

Sulfuric acic, 1.5 N

I anhdl Con sl

50 ml of concentrated NaQH “in 2

- Glacial acetic acid

360 ml.of glacial acetic acid in a liter of-

solution

Concentrate. NHQ’;-

hOO ml of concentrated NHz in a liter of
°olution .

Concentrated hydrochloric acid

500 ml of concentrated HCl in.a liter of
solution

Concentrated nitric acid

375 ml of concentrated HNO3 in a liter of
solution

Concentrated sodium hydroxide

iter of

{=
{=do,

soluticn

Concentrated sulfurie acid

160 m1 of concentrated HzS0; in alliter
of solution

80 ml of concentrated H28034 in a liter of

solution
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Sodium citrate
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Reagegt Solutions

: - Ammonium -oxa‘laté';'-o.,.as A,
; R e T : . «:

B

Asbestos suspension

Clieaning solution

}'Hydfoquineqe, 1%

Mercuric chlofide; saturated
1,10~Phenanthroline, 0.5%

Silver nitrate, 0.1 M
tannous chloride

Zimmermann-Reinhardt
(preventive solution)

35.5 g of (NH;)2C204'H20 dissolved fn

- .water and diluted to 1 liter - o0 e

I g of asbestos in 800 m. of distiiled
-water contaIned 1n g liter bot+le

.20 g of NaQCr207 2HéO in hot, concen-

trated HoS0s (not more tharn 100° c)

10 g dissolved.id water'and diluted
to 1 liter - '

70 g of HgClo added to 1 liter of
water

5 g of the monothra ed dlusolved in

_ water and diluted to 1 liter

17 g of AgNQs dissolved in water and
diluted to 1 liter '

250 g of the dihydrate dissolved in
water and diluted to 1 liter

56 g of SnCls*2H-0 dissolved in 100 ml
of conc. HC1l, allowed to stand until
clear, and then diluted to 1 liter,
with addition of a few pieces of
metallic tin to the solution

Dissolve 1 1b of MnS04°Hz0 in 3 liters
of water, and combine with a cooled
mixture of 600 ml of HzS0, and 600 ml

" of HaPOs in 1800 ml of Hs0

A+6 Indicator Solutions

Bromcresol green
Dichlorofluoyescein

Methyl red

. Mixed indicators

Potassium chromate, 0.1 M

Starch indicator

Dissolve 0.4t g bromcresol green in 6 ml
of 0.1 N NaOH and dilute to 1 liter

Dlssolve 1 g of dlchloro*luoresceln in
1 liter of ethanol

Dissolve 0.4 g of methyl red in 15 ml.
of 0.1 N NeOH and dilute to 1 liter

Mix 2 parts of methyl. red solution with
3 parts of bromecresol. green solution

19.4 g of KolirO, d.ssolved in water
and diluted to 1 liter :

Stir 2 g of “soluble® starch with 20 ml
of water in a small bkeaker to form a
paste. Pour the paste slowly into
500 ml of boiling water. Add 0.02 g
of HgI. as preservative.
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T - i " . 'Reagent
Ut o Amenim. nitrate
.' Caleivm ch]:oride

- Dextrin

. o Iodine

-

- . . Potassium iodide
? ‘ - Potéssiﬁm permangaﬁgte
E Potassium sodium tartrate
) ; Potassium thiocyanate
‘ Sodium bica&bonate
- - Sodium thiosulfate
R

" d Stopcock grease

10

- S : Vaseline

Urea

Standard
|- Arsenious o?ide
-.é0pper, metal
” Ferrous ammonium sulfate
Potassium:acid phthalate
Sodium chloride
_ Scdium oxalate

LI L LB P T e {7
A o wé#, .5:‘_[ o :{;\:\*
- L4t P'S; A _é- pm 22
: : WX
> ot - e .
' -
- - v - T

-

- - v

‘.

A-T Solid Reagents and Their Uses

Use

- Grevimetridé iron’

r .

Deéiccator

Vo;umetric.chiqride

. Autimony

timony

Iron and calpium

" Antimony

copper
Antimony
Copper
Buret
Copper

Desiccator

2 - , A8 Primary Standards and Their Uses

_ (These reagents shonld have a burity of 9§.90 pér cent'of better.).

Use

Standerd iodine

. Standard copper

Standard jiron
Standaxrd base
Standerd AgNO,

Standard KMnO4
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A:9 Unknown Substances for Analysis

(These materials may be obtained from Thorn Smith, 847 North Main Street,
Royal Oak, Michigan,)

Calcium carbonate . Potassium acid phthalate
Copper oxide Scda ash

Ferrous ammonium sulfate Soluble antimony

Iron ore Soluble chloride

P
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PRECEDING PAGE MISSING

Problem or waich research was focused.

Our problem has been the deveiopment of & laboratory program in
quentitative chemistry, suitable for freshmen pre-medical and cther

. science students, retaining the emphasis upon precise laboratory

technique ususlly associated with sophomore quantitative analysis
courses, but providing tralning in the use of essential instruments
of analytical chemistry. One particular aspect of this probiem is
that of integrating the use of instruments with classical quantita-
tive techniques.

Objectives and/or hypothesis.
The mein objective was to produce a manual containing lsboratory

procedures for a one-semester course in elementary quantitative chem-
istry on a freshman level. The authors recognize the fe;.ct that the
hign school training in chemistry of entering college f{irzshmen has
improved significantly within recent years. Consequen'ly, the labora-
tory procedures have been developed for those freskmen who have a good
background in high school chemistry.

The procedures have been written in a form which can be easily
followed by either students or teachers.

The authors believe that spectrophotcmetric instruments and pH
meters are a necessity in any modern course in quantitative chemistry.

Related research.

Very few procedures in analytical chemistry are completely original.
Usually such directions are developed and adapted by many teachers,
control chemists, and researchers to suit their particular needs. Such
has been the case in the development of the present manual of quantiva-
tive procedures. The authors have examined many recent monographs,
research references, and textbooks in seeking out materials which might
be adapted to their laboratory course. The authors have also consulted
with teachers in other colleges and universities as to desirable '
features which sholld be incorporated into a course in elementary cuan-
titative chemistry. Among the schools visited were the Medical College
of Virginia, University of Virginie, Davidson College, University of
North Caroling, Duke University, University of South Florida, Florida
Prestyterian College, Dartmouth College and Amherst College.
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Procedure.

Mimeograpk«d directions for quantitative chemistry have been in
use in our Chemistry Departmen: during the past twenty years. These
directions have been changed and modified greetly over this extensive
period. In this project the authors have drastically revised these
procedures and added otheis to bring the lsboratory course abreast
with modern trends. Suggestions frcm other teachers have influenced
the inclusion of several methods and techuiaques.

The resulting procedures were used by students during the two
semecters of the 1965-66 college term. During the trial period the
laboretory directicns were subjected to continuous change and revision
in a search for the best possible methods. Suggestions from students
were sought 2nd incladed, where desirable in the present edition of
the laberatory menuvii.

Anslyses of the data and findings.

Results from snelytical unknowns, which have been used for many
years were comparad with results secured from the present procedures.

The grading system given on page 25 of the manual haes been used
in the past, and was used during the present testing period. However,
this system was modified for colorimetiriec procedures and potentiometric
titrations where avtaineble accuracy irs ivea-thanuffr most scandord
quantitative procedures.

The procedures which have been developed in the present project
have increased student accuracy to & decided dsgree as is evidenced
by higher grades on the anslyses of unknown samples. The degree of
improvement cannot be evaluated precisely for many procedures, but in
the case of colorimetric procedures, accuracy was increased approxi-
mately one hundred per cent. Perbaps even more important was the
improvement in the speed of performing the analyses.
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9. Conclusions and implications.
The new prccedures have resulted in better grades for student
analyses; they have alsc jncreased student efficiency in the per-
formances of assigned laboratory tasks.

L e Yy e b (e —re e

The use of simpie instrumente has given the students some
fapiliarity with equipment, which may be of importance to them in 4
their future professions. The authors intend to add other instru- ~‘
ments, and instrumental procedures, to the laboratory course ia the :
future when such ussge appears feasidlc. A'F¥ew additional exisiing
instruments might be added now, but the authors velieve thaet such
instrurents will becimme easler to use and cheaper in price within
the foreseeable future. However, it is to be understood that the

-——caa -

laboratory course, now and in the future, will not serve as &

~‘l.14~

substitute for advanced coursas in instrumental analysis.

10. Appendices, containing tables, instruments, and cother materials.
These items &re listed in detail within the appendix of the
enclosed manuel (five copies). The listings begin op yage 112 of

. paee v —dk e

the manuel, and it does not seel necessary to duplicate them under
this heading. %




SUMMARY

Title: THE DEVELOPMENT OF LABGRATORY PROCEDURES FOR A COURSE IN
EIEMERTARY QUANTITATIVE CHEMISTRY ON A FRESEMAN IEVEL
N WITH SOME EMPHASIS ON INSTRUMENTAL METHODS OF ANALYSIS:

Investigators:  Esmarch S. Gilreath (Principal investigator)
J. Brown Goehring  (Associate)
William J. Watt (Associate])

institution: Washington and Lee University
Lexingbon, Virginia 24450

Project number: Nc. S-419-66

N Duration: September 15, 1965 to August 15, 1966

5-8337




Page 2

BACKGROUND

The majority of freshmen entering college have had some training
in chemistry, and each ybar the preparation seems better. Much of the

material traditionally included in introductory college chemistry courses

is now being offered in many high schools and prepératory schools. It
appears decirable to move more advanced introductory material into lower
level courses in order to increase the scope and depth of more advanced
courses. As general chemistry moves downward into the secondary schools

it seems possible to transfer Quentitative Chemistry, which has customarily
been a sophomore course, into the second semester of the freshman year.
This change would permit the offering of organic and/or phy-.ical chem-
istry in the seccnd year. The first semester of the freshman year might

be devoted to a course in inorganic chemistry.

The rapid advances in chemical instrumentation are affecting
curricular patterns as well as laboratory methods and techniques. Such
instruments as electrical one-pan balances, pH meters, radio counters,
zimple photometers, and electric calculatérs are becoming standard
pinces of equipment in the introductory courses. More advanced courses
are feeling even greater effects from the advancing wave of chemical
instrumentation. The present proposal is concerned with the development
of laboratory procedures for elementary quantitative chemistry, with
as much instrumentation as appears feasible, on a level of the college
freshman year.
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OBJECTIVES

The purposes £6r which thé project was conducted are outlined in

the following numbered fashion:

1.

lOo

k.
15.

To move elementary quaentitative chemistry from the sophomore year
into the freshman yesr.

To make use of instrumerntal methods in quantitative analysis as far
as is practical.

To design the experimental part of quantitative chemistry for the
use of premedical students as well as other science students.

To bring the procedures of quantitative chemistry abreast with
re~«it advances in chemistry.

To produce procedures which are as clear and complete as is
possible.

To give explicit airections to teachers as to equipment, cuemicals,
and solutions-needed in the laboratory procedures.

™o offer, for teachérruse, 8 time-tested method for grading student
results in quantitative chemistry.

To describe quantitative techniques as they are needed within the
procedures, anc not lumped together in one chapter.

To integrate theiuse of instruments with classical quantitative
techniques.

The objectives of the laboretory procedures are to provide dis-
ciplinal, educational, and practical values in the training of
students. These objectives are listed as follows:

To give students an opportunity to use certain aspects of applied
mathematics.

To instill a sense of objective honesty in the student ir the evalua-
tion of laboratory measurements.

To emphasize the value of neat and precise working habits.

To indicate the importance of recording laboratory data in a systematic
form, and in a suitable notebook.

To familiarize the student with the literature of analytical chemistry.
To emphasize manipulative ability along with reasonable speed in the
handling of chemical equipment,
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OBJECTIVES (continued)

Fl

5. To bring an awareness on the parf, of the student as to the limita-
tions of methods and equigment, and the magnitude of possibié errors.

7. To train the student to make rapid calculations from analytical
observations to a precision warranted by the data included.

1. To instill confidence in the student as to his ability to approach
an. solve leboratory problems.
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PROCEDURE

Laboraoory'procedures for an elemertary course in quantltative
'angly81s, with some emphas1s on 1nstrumental metnoab, Were dévelaped in
.the follow1ng number fashion by'the dlrector of the proaect ‘and hlS '

two associates:

1. The choi=zc ~f materials resulted from a prc:ess of elimination. A
broad list of topics was examined as to desirability, practicality,
and educetional value. The ones retained were those which appeared
absolutely essential. These topics were used as headings for the

= five chapters of the laboratory manual, and are listéd as follows:

Chapter 1 General Laborahory Directions '

) Chapter 2 Neutralization Methods

' Cheptesr 3 Redox Methods

Chapter 4 Colorimetric Methods

Chapter 5 Precipitation Methods

2., Except for Chapter 1, all other chapters (topics) offered a variety
"of possibli analytical determinations. Again, the choice of materials
was reached by elimination. Only a limited amount of labcratory
time is available within one semester, and only a limited number of
analytical determinations can bq performed by a group of students.
waever,'it was felit that a number of optional experiments should be
aveilable, beyond a required number. These pptiops_wou;d give a
student a choice between certain determinations, and would permit a
skillful analyst to obtain extra credit for additicnal work. Beyond
the preliminary exercises, a student rarely completes more than eight
determinations in one seﬁester. o
The suggested séhedule is as follows:
Chapter 2. Two determinations required: Acid and Base
Chapter 3. Four pqssible determinations,-but only two required:
Permanganeste Processes: Iron or Calcium Carbonate
Jodine Processes: Antimony or Copper

T o
N . e - - S - . RS —

- a— — - = . - o= - - - e - - P . ", i)

\ k - - - e = o e » N - - > g — ny o - - - - — - B - -




PP |

Page 6

Chapter 4. Two possible determinaticns, but only one required:
Copper Oxide or Ferrous Ammonium Sulfate
- Chapter 5. Four possible determinations, but only three regquired:
Option: Either Volumetric Chloride or Potentiometric
Chloridé

Required: Gravimetric Chloride, and Graviasetric Iron

5. Analytical results » exeept for the colorimetric determinations, were
graded by the system which is outlined on page 20 in the laboratory
manual. Since the unknown samples had been used in previous years,
it was possible to compare results obtained with the new procedures

" with those obtained by older directions. '
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RESULTS
Major findings of the research:

Quentitative cheristry is a suitable course for #he freshman college
level. During the school term of 1965-%£5 the laboratory procedures
of the project were used by sophomores in the fali semester, and by.
ﬁeshmen during the spring semester. No appreciable difference
could be detected in the overall performance of the two groups.

A comparison of laboratory results with the new procedures for the
session of 1965-66 with the old procedures used during the school
term of 1964-65 revealed that the grades with the new procedures
averaged six per cent higher then grades obtained with the older
procedures.

A comparison of colorimetric determinations with the new procedures
with those obtained in the past indicated an improvementiin
accuracy of approximately 100 per cent (twofold).

As indicatved under PROCEDURES it was discovered that very few

students could complete more than eigght determinations (including

preliminary exercises) during the ccurse of one semester. The
time involved was six hours per week for fifteen weeks (90
laboratory hours).

Instrumental determinations required less laboratory time, but
more outside preparation than classical methods. .

The accuracy obtained by classical methods of analysis was approxi-
mately three times that resulting from instrmmental determinations.
In other words, the accuracy.of instrument was only one-third of
thaﬁ obtained by vlassicel rethods.
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Elenentary Quantitative Chemistry should be taught during the fresh-

Well-worded laboratory proced .res are;rewarding'to both students
and teachers; better grades are obtaiased, and 2Aboratory efficiency

Colorimetric procedures are not as accurate as classical methods.

However, colorimetric methods are more rapid and are more adaptable
Eight analyses of unknown constituents mhke a desirable number for

a one-semester laboratory course. This includes preperation and

It is desirable to include as many simple laboratory instruments

as possible since familiarity with various instruments is becoming

‘,i"
»
CONCILUSIONS
Mhﬁor conclusions drawn from results obtained: -
1.
man college year, preferably in the second semester.
2.
is increased.
3.
to small- percentages of constitueahsrsought in analysis. . .
L,
standardization of solutions, as well as other preliminary
exercises.
5.
a necessity in all scientific fields.
6.

Consultations with teachers in other colleges indicated the need
to stress laboratory techniques and the use of instrumental methods.
Also the student should be aware of the errors of analysis.
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