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OBJECTIVES

1

When you'finish this unit you will be Able

1. define m;larity 'and molality.

2. prepare any volume of anyrarticular molar or molal solUtion.
.3. use molarity and molality in_chemical problems.
4. convert from one concentration unit. to-another.

I

PREREQUISITtS

Before you begin this unit you should know

F.

1. the concekts in ;the unit on introduction to solutions.
2. how to utilize the mole in.chemical calculations.

3. how to use mstric uhits-of viklume and mass.

A.,

PRE-TEST

'

1. Calculate the % by weight of a solutton prepared by dissolving 10 mmoli of
,NaC1,(MW = 58.5 g/mole)- in 5.g of laater.

How many mls of acetone '(CH3COCH3),. (MW 58 g/mole) are required-to pre-
,pare 200 ml of a 15% v/v of iacetone n water?:

+2
3. alculate the concentratioA of Fe in PPM of a soluti on in which 5p mg of

FeS0a was dissolved in one liter of-H20. (At. wts.: Fe = 55.85, S.=-32,
0 = 16 g/mole)

Answers to pre-test:

1. 11.7% w/w

2. 30 ml

,. 3.. 18.14, PPM

INTRODUCTION

In chemistry there is'a1ways a need of measuring out Specific amounts of re-
,

agents in running chemical reactions. Anyone who has handled a modern analytic '

balance will agree that this is an extremely accurate rievice.l. Yet when one compares
the time and effort to weigh a humber ?flimples as opposed to measuriag out quan-,

tities by volume, as say, teaspoons, Alps-, or ffilliliters, eieryone agree that

volume measure is many times faster and easie'r than weight' measure. coupling this

with the fact that all che ical reactions occur on a mole ratio basis, it is.easy.to r
see how the

0
lar solut 101 was invented. The molar solution dispenses mo1e7 ofsol-k

ute on a voiUme basls. Lateeme will see that the molal.so1ution is jusi ,a.re-
.

arrangement of the weight percent Solution we learned before.-

_3
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THE MOLAR.SOLUTION

./.
The fbllowing diagraWwill deacribe the.preparation of a molar solution.

Volumetric
F I ask

So I yte
H20

(c)

In (a) a volumetric flask of the size required is obtained. These come in various

standard sizes from 5 ml to 2 liters. Next, a given weight 'of a solute is obtained.

This Ideight represents a definite number of moles. Now water Pssadded (b) and the

mixture shaken constantly until the solution TmeniVcus" is exadtly at the mark of

the volumetric flask (c). Note that the amount of water added is nbt measurep so

long as the total solution reaches the mark oh the flask. .

-4

Example 1. Suppose now we weighed out 15A6 g. of CuSO4 and diluted to 500 ml in a

volumetric flask. What' would the molarity of the solution be?

no. of moles solute
1. Molarity total volume( of solution in .liters

In molarity problems we calculate the nuTeratór and denominator

, separately, and then divide.

a'of solute 15.9F CuSO4
2. Moles Of solute.- MW solute 15-9.6 g k.,uSO4/moi

3.% No: Of moles CuSO4 = 0.10 moles

0, 4. Vol. Of solution = 500 ml = 0.5 1

0./0 moles CuSO4
. 5. Molarity 0.20 M

7 liters solution =

moles
We'see that molarity lias the units of

,Let's-write doWn all the formulas we-used-so far ...

g volute
6. ,Nto. of moles ' MW solute (g/filOT)

7. 1 liter = 1090-m1

8. MolaHty = moles/liter

',Sincefl mole = 1000 millimoles (mmol) and 1 literN 1000 ml, the molar-

ity c4n also be represented as:

M
no. of mmol

or , 4its of
mmol

no..of
, , .

f%ur 0%20 M solution of CuSO4 would then contain 0.20 ir:oles CuSO4%/liter

of soluti;on or 0.20.mrols/ml. Note that the folarity value does nck

change. e

t

I 4
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Example 2. .Suppose you dissolve 30 mmol of NaOH in 0.4 liters. Calculate the mo-
larity. First we notice that the units are not oonsistent; we need ei.7
ther mmols/m1 or moles/liter so we can do it in one of two ways.

Method I:

30 mmals = 0.03 moles

Then

M 0.03 moles NaOH 3 x 10-7 moles
0.40 liters

4 x 10-1 liters

= 0.75 x 10-1 molar

7: 7.5 x 10-2 molar

= 13.075 molar

t:lethod 2:

0.40 1 = 40'0 ml

Then
30 mmol

Molarity =,
40-0- ml

= 0.075' molar

Notice that the same numbei, is obtained in both cases. Try the follow-

ing problems to see if'you hve the idea.

Problem 1. Calculate the molarities of the following solutions:

a. contains 50 mmol of-solute in 1.5 liters of-solution%

b. coptains 165.6 g of Jead nitrate (MW = 331.2'g/mol)- in 250'ml of

soaution:

c. contains 25.2 milligrams of manganous chloride (MW = 126 g/m21) in

0,1 liter of solution.

Example 3.. Let's examine the problrm Wherein we delivered a given volume of solu-

tion, tay 20 ml of a 0.50 M fe'rrous sulfate (FeSO4), ifdish to calcu-

late the humber of grams of FeSO4 delivered. ',(MW FeSO4 = 152. .g/mol)

ft

\
Since

Molarity .mgres solute
liters of solution

then

1 mol 152.'s FeSO420 ml solution x P .50 mm ol FeSO4
Fen',ml solution. x. 1060 mmol mol

20 x 0.50 x 152.g FeSO4 = 1.52 g/ 1000
1.1

Problem 2. ,Calculate the. number of grams of solute in 10Q mf Of a 5 x 10-311 solu-
.

tion 'of silver nitrate. (AgNO3), (MW = 170 g/mol).

Problem 3. HoW malv mls of a 3 M solution cnbe prepared from 60 grams of sulfuric

acid (H2504), (MW = 98 g/mol)?

Weight percent concentf'ation;s can r)e-converted to molarity pPovided ttie density

of the solution is available.

ExaMp1614% Calculatft the molarity of a_solution of nitric acid (HNO3) (MW = 63

g/mol), which is 2,9.26% w/w H4O3 and has a spetific gravity of 1.18-

1

4
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The specinc gravity is the ratio of the density of an object to the

density of water. In 'the metric system d H20 = 1 g/ml.so the density of

the-HNO3 solution is 1.18 g/ml.

One way Oe'solving this prOblem is to suppose that we had 10d0'ml (1 11-
,

ter) of this solution. Then if we can calculate the number of moles.of

solute that would.be present in the volume of 1 liter, that number of

moles woUld equal the motal^ity.

Step I-. t4ing the density, finVhe tptal weight of 1000 ml of solu-
\

tion.

lourthl-§olutrati-k
*18 6'solution -g solUti6Mml alution

Step, . Using the % 4w composition calculate the fraction of 'the total

weight of solution which is solute.

0.2926 g HNO3
g soku_tion x g MNOs

g so1utIon

Step 3. Using the molecular'weight-of he solute, convert grams of sol-.

ute to moles of solute.

01 mol HNO3 .

g HNO3 moles HNO.3
63 HNOg 3

. .

Step 4. Putting Steps 1 through 3 together:

* 1000 x 1.18 x 0.2926 5.48 mol'HNO3
61.

5.48 mol HNO3
Step 5, Molarity % 1 liter

Problem 4. Calculate the molarity of an ammonium hydroxide solution (NHOH).which''

has a specific gravity of 0.96 and contains 9.38% .bY weight of NH3.

MOLALITY

oft

%

The molality concentration arises as.a'useful concentration unit when dealing

urith physical interactions between solute'hnd solvent.(see Colligative Propertie4).

Be careful to distinguish the difference between molarity and molality.

foyLMolality is 'defined 'as moles of solute per kilogram of solvent, or in equation

:

. moles solute
molality -

kilogram,solvent

An important consideration of molality is that the denominator

of solvent only, not :soluiion.

L
contains.,the weign.t

Since.most experiments in' which molality is required involve weighing out both

svlute and solvent, the following formula is much more operational (useful) and it

might be advisable for s student,to keep it in mind:

g of solute 1000 j/isA
olality g of solvent -NW solute).- g/mol

1

Example 5. Calculate the molality of a solution, prepared by weighing 10

mic sulfate; Cri(S003, ine150 g of water. OW Cr2(SO4)3 =

g of chro-

92)



Then:

5

a solute . 1000mblality =
g sofvent x (MW scqute)

10 x 1000
150 x 392

0.17 mola'l

Exampl,J6. Calculate the molality of a solution prepared by dissolving 0.5.moles
KC1 in 75 g of water. In this case, since the moles are given directly,

molality moles solute 1000 .

g savent

0.5 x 1(00

= 6.67 molal

Here Are two'problems to try:

Problem 5. Oalculate the molality of a soluton prepared by dissolving 2 g of NaOH :

(MW = 40 g/mol) in 120 ml of water, (density Of 1120 = 1 g/m1).

Problem 6. a. Calculate the number of grams of BaC12 (MW = 208 g/mol) required to

prepare a 0.4 molal solution containing 2 kg of:water.

b. What would.the total solution weigh?

SUMMARY

So far, we have iscussed fdur-,concentration units -- weight percent, volume
percent, molarity ar1molality. These are all connected and any concentration can

be converted to any other providing the density is known.

Weight
Percent

Volume
Perrnt

Density

4k4

MolalitY-

Molarity

The diagram show's that)densitl is involved in all conversions e'nept the one between
weight percent snd-molality.

Problem 7. Calculate ,the molality of a solutidil which is 10$ by weight CaBr2 (MW =
200 g/mol).

Problem B. How do you ttlink an ineease in temperature will affect the concentra-
.

tion of a molar or a mOral solution?

, You are now ready to take'a sMall quiz on this unit. Log in according to the
instructions of your teacher. The computer will'then giVe you-a five-problw quiz.
Take the quiz home and answer the.questions. Then come back and have the computer

Q4eck your answers. If you need mpre help% go back over this module and then try

the. computer quiz again. The computer questions will allbe differeht;,no two clues-
,

_tiOs.are_the same.
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Prótaer Set 1

CALCULAIf 'TUE WFTGUT PFQCENT OF CrC13 IN A SCLUTICN CONTAINING
49.45'1 G Of CrC11 IN 3(36 G Cr WATER.

HOW kNY ML OF 2.1Pr * Ni(NC1), TS PFCUTRED IN THE
PRFPARATTON OF 49.P ML OF r'.99C, M Ni(N01)2,'? (,.
WHAT TS THE MOTANITY OF A 9,.13 PERCEN1 SOIUTICN OF CaPrp ?
THF-DENSITY Or TtiE SOTUTION TS 1.090 G/ML .

IF K SOLUTION OF DENSII'Y 1.169 G/ML IS PFEPARED EY DISSOLVING
oF KM9O4 TN ENCUGH WATFR TC FOFIM 1 LITER'Of SOLUTICN,
WHAT WOULD BF 'THF MCLAITTY C.F KMI1C4
TN TH" SOLUTION?

1 52.5 G

4

\

1

Problf;n1 Set 2.

1. How MANY *I. oF 2.14r M CilSO4.020 IS FEQUTtEr.) TN Tja

PRFPARATION OF 49.( ML M FuS0..0,0 ?

2. II A SOLUTIO.N Or DFNSITI 1.418 G/ML IS PREPARED EY DISSOLVING
OF 1 -1(N01), TN rNOUGH WATER fo FOR"! 1 LITER OF SOLUTTQN.,

WlutT WOULD BF THF MCIi6ITY OF Cd(NC3),
TN THr SOLUTION?

N.

3. CALCULATF IHE UrTt1H1 PRRCPIT OF CaBrp IN 4 SOLUTION CONTAINING
67 OF WATT!? T4 1.C.4 MOLES CF CaBrp.

L. 'wpAT Is TUE .MOLAFITY OF A 7P3 PETICENI SOIUTICN OF Al2(S0) 3 ?

THE Dr,NS1tY -OF TOE sollITToi Iq 1.077 G/ML .

s I

P.8:5 G



Problem set 3

1. THr DENSITY OF A 1.27,M SCLUTICN OF Fedi,
IN WATER IS 1.1r8 C/Mt AT 20 DEG C.
CATctULATE THE WEI-GUT-PERCENT OF TUE SOLUTICN,

.2. A SOLUTION TS PREPARE!' BY DISSCLU.NG 29035 G OF KM1104 IN ENOUGH WATER
; TO FORM 1 LITER OF SCLUTIO-N. THE DENSITY OF THE SCLUTION IS 1.329 G/ML.
* CALCuLATE THE WEIGHT PERCENT OF W ATE IW THIS SOLUTION.

t
Thr DENSITY OF A 0:77 M tCLUTICN CF M004 IN WATFR

/ IS 1.6C G/MI 'AT 2C DEC C. CALCULATE TEE MOLALITY CIF THE SOLUTION.

,4, CALCRTATF THE NUMDFR CF MOLES tF MnC17. IN 100.2 ML
OF %584 M MnC1,.

ProbleM Set A

1. CATCUpt"'E TUE NUMBER OF MOLES OF KMn04 IN 97.1 ML
oF M KMn04.

2. 'THE DthIT OF A 0.P5 M SOLUTICM OF ,Crirp
WATFP Is 1..G38 G/ML AT 20 DEG C. .

JIONLCYILATE 71T NFIGHT PERCf,NT OF THE S:OLUTICN.

3. IF A SOLUTION tF DEtSITY 1.133 G/ML TS PPEPAREr BY DISSOLVING
OF MqSO4 IN ENOUGH *WATER TC FORM' 1 LITER,OF SOIATICN,
WHAT WOULD RE THE MCLALITY OF MqSC4
TN-THESOLUTION?

4.5 G

4. A SCLUTION TS PPEP.OE,D BY, DISSCLVING 70.0 G OF Ni(NO3), TN ENOUGH WAIF,
TO FORM 1 LITrP CF SCUTTION. THE DENSITY OF-THE,SCLUTION T§ 1.113 'G/ML.
CALCHLATY THE WFIGHT PERCENT OF WATER IN THIS SOLUTION.



Ate,

4.

Problem Set. 5

1. CALCULATE THE NO01kR CF POLES OF KpOrpO, IN 29.7 ML
OF 0.118 P K,Crp07:

2. ,:.855 MOLES OF Na,CO3 IS DISSOLVED IN4NOUGII WATER
TO FORM,1 LTTFR OF SOLUTION. WHAT IS THE WEIGHT PERCENT OF
WATER IN THIS SrlOTTON WHOSE DENSITX IS 1.287 G/ML ? .

f3. THE DENSTTY OF A 0.54 M SOIUTICN OF KI03 IN WATER
TS 1.1H2 G/ML AT 20 DEG C. CALCULATE TEE HOLALITY OF THE SOLUTION.

4. WHAT IS TUE MOLARITY OF A 5.10,PERCENT SOLUTION OF (NH4)3130, ?
THE D9NSITY OF THE SOLUTION TS 1.050 G/ML

',vs+

11,B

Problen Set 6

1. THFIDENSITY OF 11/0 P RCENT Ni(N01), SOLUTION IS 1.111 G/ML.

WHAT WEIGHT AND WHAT OLUME OF :THIS SdLUTION VIAL CCNTAIN

(IRAMS OF Ni(N01),

2. IF SOLUTION Cr DENSITY 1.030 G/ML IS PREPAREE.BY DISSOLVING

OF KNO1 IN ENOUGH WATER TO FCRM 1 LITER OF SOLUTION,
WHAT WOULD BF THE MOLALITY OF KNO3

IN TH7 SCLUTION?

3. THF DFASTTY OF 11 0.51 M SCLUTICN OF FeC13
TN WATER IS 1.116 G/MI AT 20 DEG C.
CALCULATE THE WFIGHT PERCENT OF THE SCLUTION.

U. CALCULATE THE NUMBER CF MOLES CF NapCO3 IN 50.2 ML

OF ,"'.455 M'N(14aC01.

, 1 0

0

I.

"'" -1'7",k;`,(4,;(14

42.5 G



Problem set 7

.1. THE DENSITY OF A 1.27 M SOLUTICN OF FeClp
IN WATER IS 1.134 G/ML AT 20 DEG C.,' -

CALCULATF THE(WFYGHT PERCENT OF THE SCLUTICN.

2. FIND THE MOLARIT/ OF A SOLUTION PREPARft BY DISSOLVING 3.23.G
OF KfIr IN A TOT'AI CF 258 ML .CF SCLUTION.

4 .

3. ,CALdOLATE THE WFIG1HT PFRCENT OF MnClp IN SOLUTION.CONTAINING
-48.19B-1 OF 41riCI, IN 1013 G CF.WATER.

4.- IF A SOLUTION OF DENSITY a1.189 G/ML IS PREPARED BY DISSOLVING 64.5 G.
OF K7Cr,O7 TN FOUGH 11All'Eff TC FeRfl 1 LITER OF OLUTION*

WOULD HE THF-MCIALITY OF K,,Crp07
IN TPF snt-TfmTeN?

-1

rra

Problem Set 8

1. CALCULATE THE NUMBER OF MOIFS,OF CrC13 IN. 69.5 ML -

OF 0.289 M CrC11.

2. CALCULATE THE WFIGHT-PFRCFNT OF KpCr,C7 IN A;OLMTICN C6NTAINING,
18.901 G OF,K,Cr,07 TN 1004 G OF WATER.

' IF A SOfUTION OF DENSITY 1.C38, G/ML IS'PREPAREE BY DISSOLVING 90.5
OF Cd(N40, IN FNOUGH WATER TO FORM 1 LITER OF SOLUTION,'

-WHAT WOULD BF THF MCLALITY OF C4(NO3),
IN THE SOLUTION?

4, THE DFNSITY'Or A rk:..35 M SCLUTICN CF OdIN01), lr
-IN WATFR IS 1.146 G/ML AT 20 DEG C.
CALCULATE IHE WEIGHT PERCENT OF THE SCIUTICN.

a



Problem Sot 9

,

,

1, CALCULATE THE.) NUMBER- CE 1PCIES er 111 (SGd) TN 59.5
'OF T.4 S1 A17 (SO4)1.

,

1

2. TUE DENSITY OF A 1.27 M SOLUTION OF Ca (NO3) IN WATER
TS n/MI AT ) DEO f . CALCULATE THE MCLALITY OF THE SCtUTION.-

IF .30LUTIoN. OF. DENSTrY... G/ML . IS_PREPARED. BA DISSOLVING ,
2.1 maLFs CF A(INC1 IN FNCUGH WATEF-TC FORM 1 LITER .CF SOLUTIQN,--
WHAT' WOuLP BF THE WEIGHT PERCENT OF A001

A
IN THE SCLUTIONi

4. Tmr PENSITY OF A 1.19 M SC1 WrICN OF Al, (504) 1
IN WATER IS 1: 172 G/rI NT 20 DP'n C.
CALULATE THE WFTGHT PFPCrNT OF JHE scLUTN,

-

dl

Problcm Set 10

1. THE' DENSITY OF 23.7 nrPCFNIC1.3 SeLUTION IS 1.184 G/ML.
W4;T WEIGHT ANP WHAT TC1AME -Cr THFS SfA,UTICN WILL ,CCO-AIN

10 GRAMS OF Er.C11 ?

THE ,DENSITN OF A 1.7() M STTUTICN OF CrC13 IN WATER
IS 1.)39 G/MI Al 2r PPG C. CALCULATE TEE MOLALITY,OF THE SOLUTION.

3. THr DPrisTTy OF A 1.fq M SCITYT'ICN CP FMn0 4
TN wA "E4 T 1.12r G/ML 'AT 2C DE(1. C. .

CA1 CUT.ATF THE WEIGHT PERCENT OF THE SOLUTICN.

tt, CALCULATE 1HE NTImPEP Or MOLES .CF AgV3 TN 2).6 ML
OF AciN01.



.1. - THE -/DENS.T..Y OF ..C.Ft7 SC111111(.27.4 (N111);,'
--.1-3N WA:t:ER IS (*A/rt.. AT ,20 DEG.X.

CAT.CMATF 'THE W.7.IGI19! PPRCP.NT OF THE -SOLUtICN,

2. IF A S.OLUITON O.EENS.ITY: 1.290 G;ML rs' PRFPAEC Y.DISS.OLVING
4; 4 S MOLES CE KNC.1, IN ENCIIGH WATER TO .FCri,f1 1 LITER CF SCLUTION,

WP4T. WCULD WEIGHT PEPrENT (2F1r,N,CA IN THE SOLUTION?

tHFDENSIT_Y QE. 1.C2. SOLUT,L(N__.OF..
TS' 1. )9n G/ML Pr" 2C PFn C. CALCULATC'4t.tE:MOLACITY* OF. THE SOLUT,ION.

4., F'1-THE, NUMFN cr GEAmS OF-CrCll PEOUIRED TO otPART .160 LITERS
OF-. 3.955 SOLYITICN..

fi. THE D7N3ITY-.OF A 1.15 II SCLOrnION OF FeC13,
IN WATEP 'IS 1.010 G/ML AT 2( REG C.
CALCULATE THE WFIGHT ?FRC-7EN" OF THE SCITITICN.

Problem Set 12

2. CAL7611LATE THE .WF.TGHT PERCEF-17 OF Caf3r, IN A SOLUTICti \CONTAINING
4.149 (Imp .CaPrp IN 773 GCE WATEE.

3. 'TO :WHIVT VOLUM!' ,(.mL) MUST 2.17 G OF ICI01
RE DILUTED TO MAKE A ^.591 SCLUTICN ?

4, TF A SCITYTTN CF DENiTTy 1.292 G/EL IS PREPARED RV DISSOLVING 2.5;5 G
OF AoNO1 FINCJIGH W FE TC FCEM - 1 IAT FR. Q SOLUTICN, .

A 1 WHAT WOULD 'THE. 1.,CLAL'ITY,- OF AgNO-v,
TN ,THE' SOLM"`TOF?

'

0, 13



Problot, 5et.:13.

THT- bENSITII"OF A 1:5C m SC.1.-11-^ICN OF CIO:,

tN, WATER J.S 1."(18.11;e1.1'AT 2C. DEG C.
CALcULATEAHE WFIGH!T, PFRCUOT OF.THE ,SCIHTICN.

.1"

2
f

(.1r9 MOLES OF CrCtl Ts DTssoLVED-IN.WUdH WNTFR- 1

T9 FORM, 1.. LIVE OF -SeIJITTC N. WHAT TS TFE WET1HT PFRgENT -6F
1.C94wATTp TN THIS srIHTTON ;most: DF-N,TTT-i, TS. .

C4LCHLAT7 .1114E 1A014T1Tf CF FoC11 IN. A SCLUTiCN teNTAINTNq 35,'M GOAMS-
0F WPC'EF TN .7.47Gr.p.0,-. op rEcli.

4. To WHAT (mL) mHsT 7.17 G OF Fedi,
HP DTLUTED TC VA.KE A r.?37 F-FCLHTICN.?

tr;

a.

. Problem Set- 111

I A

k
,7i" .

1. THF4"DE45ITY OF. rt, 1.:111 I'SqLUTICN OF% Ni(N01)2
TN wirE.P 1.114%0L kOt bl(ed.
C2ALCULITE WFIOT PEPCI.NTIT'THE SfAUTICN.

2.. TH7 n Nv03.-f§,6.5 G AqNC1-PER 100 G WAI;FR
41T 501, %M.OFTAT: ,JOIAT TS THE WtTGFT PERCENT PEI A
%SATTIP sqLifTrnw AqN01 AT THIS TE!MPERATURE ?

g7- TTH7 DEN I'M OW r SCLUTICN OF MnClp.IN WATER
IS 1.1-9 G/ICAT." DO C. CAtCULATE TEE MOLALITY OF THE SOLUTION.

4. CAL:cULATit 14 N4 J31.VOF FeIFS Cr .Na3PC41"IN 32.0 IL
.f701 P.: 4

.k.., '.
41.,...,:., ...

"' '-,41N+ ..-4.',. -) \IA; . .....,
-- I. i

'1' . ' -'n!.",`..) ..;;N:
i .,"4, ......;i'

.f , , -

-
N.,

,4
4 '4

:

4..
.
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, d
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Probler Set 15

, ,

1. Tr A SCLuTTrN- or .PFNSITT 11.375 G/MT IS _PREPARED: Bt. D'I,SSOtVING 14,5 G
OF Ni (N01) TN PNOH1H WATER -TO' E.CFM. 1 ITTER-OF SOLUTION,
:WHAT WorILD RI TPF MO LTTY OF NI (N0.1) 7

TN Tfr', SCLUTTON?

6

'y

. _
= .

. .

2. WHAT IS TUE MOI 71RITY OF A 2.15 PERCENT SOLUTION OE WO,
TUE DrNSTTY OP THE SOVTICN TS 1.020 G/ML .

FIND -THE ArCtiP1P-IN -ITT-FPS -OF- 0.376 .M (N-03)-7- SOLUTION'
THAm CAN PF PE.E.FARFD FECM 23.50 G CF c1(N00,.

4: CALCTILATE THE WEIGHT PERCENT OF A17(SO4) 3 IN A SOLUTION CONTAINING
47 G OF WAT1F IN C.91 MCI.,FS OF A17(SO4)3.

Pnoblem Set 16

1. FIND THF MUMBLE OF GPAMS OF Cant, RRQUIRED TO PREPARE 1,00 LITERS.
OP 11.225 M SCI HTTCN.

2. TUF DFNSITY PF 28.7 PFPCPNT MqSO4 SCLUTION IS. 1.129 G/ML.
WUAT li,ITIGHT AND. WHAT VOIHME CF THIS SOLUTICN WILL f:CNTATN

76 (3PAMS oF MqSO4 ?

3. IF A SOLUTION CF,DFNSITY 1.C4R G/ML IS PREPAR-Ft.Et DISS,OLVING 1.5.5 G
OF CA(N01)7 TN rNOUGH WATFR TO FORM 1 LITER OP gOLUTION.
WHAt WOULD PF THE MCLALITY OF'CflN011,.

.TN'THE SOLUTION? ,
tY \

4. WOcT TS .TUE MOIARITY OF A 4.1n PFFCENT SOLUTION OF (NH4)3r04 ?
TUE DENSITY Or THE SCIUTICN IS 1.04C G/ML

P,



t.

*
Prohler Set 47

.
:

_THE DENSITY'OE-1. 14H8 M SCOTICN OF (NH011304 %

"IN WATER IS 1..10G/ML'AT 2..C. DEG C.
cAlcuLATIr THE WEIGH? RFRCENT 0F:THE* SOIUTItN: i

,

A. J.

:2% IT IS DESIPFD TCPPEPARE A SCLUTICN CF Cafir, IN 241 MI Ot WATER
SUCH THAT THE_ WPIGHT PERCENT OF,CaBrp 19 .E0lW TO 8.26.
HOWMANY GRAMS Of CaPrp APF PECUIPFP ?

V.

3. FIND THE V1L1JMF:IN.LITFFS OF 0.379 M EMn04 NSOIUTtCN,
THAT rAN.BE PcFrAPED FFCM 22.50 G ,CF KMn0,.

Q. SCLUTION OE DENSITY . 1. :y.0 G/V-1, IS PREPARED EY DISq0LVING
0 NE1.0-11-NC11.0ATET. C FOtel 1 LITFR 0F.SOLUTICNt
WtiAT WOULD BF TH17 mCLAIITY- Of (Uti,dArC,
TN TtiF SCLHTION:?

Problem 18

1. CAICUTAIE THE NUMPFR OP VOTES CF NalE0, IN 39.2 MI
OF ^.1(8 Ma-4Pn4..

2. :THE DENSITY OF A, 1.64 m SCLUTICN CF CuSO4..0,0 TN WATER
IS 1;198 G/Mt Li' 20 DEG C. 'CALCULATE TPE 49LALITY 'OF TA SCLUTION.

3. ,WHAT TS THE CIABITY Cy A 7.8"; PERCENT SOLUTION OF Ni(NO3),
THE DENSITY Of 'THE SCLITTICN IS '1.377 G/ML .

.
9.5 S

,

4. A SOLUTICN IS PPEPAPEr. EY pTSSCLVING 32.10. G OF NaC103 TN ENOUGH WATER.,",
TO FOFM 1 LITFP CF SCLUTICN. 'THE DENSITY OF THE SCLUTION IS.1.150
CALCULATE THFWF7GHT PUPCENT OF WATEP IN THIS SOLUTION:*



Problem Set 19

"

.

1. . THE DENSITY, OF ,A 14'43 h SQIOTION -dr- Ca (Ws) ,
...

IN WATEP' TS. 'L 166 G/Mf AT 20 DEG, C. :' #:'

CALCULATE TM WEIGHT PERCENT OF THE saLoTICN.
J

2. IF A SOLI ION OF DtNSITY 1.128 G/ML.IS PREPARED EY D SSOLVING
. 34 MOTA Cy FpC11 IN ENOUGH WA7ER,T,0 /ORM 1 LITER C S1LUT,ION,
volAT WOULD BE 'THE WEIGHT PERCENT Off-TeC11 IN THE SC TIM

4/f

- -THE-DENSITY- OF A 17,52-M 2Sil01.,UTIGN- OFN-pGrpC7-IN;11 li-- .

IS 1-.C6R G/ML AT 2C REG C. CALCULATE. TEE MOLALIT OF/TliE SCLUTION.''

4. FIND THE NUMBER OF GRAMS OF ENC3 PECUIRED 10 P ARE 1.36 LITERS
OF -3.515 M SOLUTICN.

41

Problem Sett_20

c.

1. WHAT IS THF MoIATITY OF A 1.29 PE* N1 SOIU ION OF KM1104 ?
THF DENSITY OF THE SOLUTION IS 1.01 .G.M

2. THF DENSITY OF A 1.70. M SCLOTION CrCl* IN WATER
IS .0.156 G/ML AT 20 DEG C. CAICULA E TEE MOLALITY OF THE:SOLUTION.

3. IT IS. DESIRED TO PREPARE A SCIUTI N'OF KI03 IN 121 "ML OF .WATER
SUCT1 THAT Itu, NFIGH1 PERCENT OF( C IS EQUAL TO 442.
HOW MANY GRAMS OF KIC, ARE PEQUI ED ?

4. FIND THE NUMBER OF GPAMS OF Na REQUIRED,TO PREPARE 124 LITERS
OF 3.0E15 M SCLUTICN.

<4.

V
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TEACHERS GUIDE TO UNIT ON A tiplAJLE ON-SOLUTIONS;

MOLARITY, MOLALITY AND CONCENiTATION'CONVERSIONS

AbUCATIONAL OBJECTIVES.

Thit Module is a continuation of Unit a moduile on. weight

percent., volume percent ahd PPM. Even so, both modules may be used

independently of.one-j.another although the concepts of Unit I naturally

precede these included here, In this unit emphasis is,.placed on

fundamental definitdons_and thebility_to convei-t from_one_con--

centration unit to another.

.The factor method'has been used throughout with.careful.atten-

tion to number unit labels.
40

IMPLEMENTATION c)

This module is meant to be' used at the student s ownipace: The

design tvas been to keep the readings brief-and to maintain a constant

level.of difficulty. In using thit module the student i5 not pres-
.'' ,

suredinto jumping across the paas in,the random frenzy of a scav-

enger hunt% The dxamples are many and simple exercises follow the

student as he progresses through the material.

At any time the student can eb to the computer anil ask fop

written quiz. The quiz consists ofatoeiqes of five questions' picked .

at random from a set of 25'questions andApill guarantee that he will-

receive at least one questiOn in each Of the five condentration ar#as

discussed in the module. This meansthat there is the possibility 'If'

of 5' or 3125.diff-erent exams. Moreovdr, the numbers chosen in eac,

question will be'picked at ilandom by the computer when the quiz is

generated. The important aspect of this quiz is that the ttuddnt

>

can take thequiz home and return at apy.later time to check his

results.., With this approach, the student does not waste expensive s°

computer time. working out the problems at the site: In addilion,

the programm4ng is, kept to a minimum, so that the instructor need

not be concern ith keeping files or records of any sort: There

are no answ rs stored in the'cohlputer, only the algorithm for the

solution of the problem. 'When the stude* re-enters his quit num-
.

bet-, he i in actuality re-initializing a'random ammber generator



4

4

2

whicb reprogr4Ms 'internally the same qui; as was. printeq out. 'The
.. ,,.. .

.
.

computei- qui.,'1. -meant'to encourage self-teAii;g as a quan.titatiye
..- ,

meatis of.d6termiping mastvy Of the subject.thatter.

A

ANSWERS TO'PROBLEMS

mm01-7- 0.05 mol

0.05 mol
molarlty 0.033 M

h. mols Ph(N007 )81.2 g7 ol
165.6

molarity - 4

0.5 mol

25.2 mg
c. mmol of MnC12,:- 126. mg/rDmol

0.2 mmol

0.2 mmol .
moParity = x.10 3 M

100 ml

2. -moles of AgNO3 0.1 R. x 5 10-a mor/k

= 5 .>( 10-4 moles.

g AgNO3 X 10-4 moles X 170 gimol

= .0.085 g
,)

A

c

3. moles H2SO4 60 g
04'612 moles

g/mol_

moles .H2SO4* u. 612.

612-mmoles
Then 3 M

;TITx soln
ml of soltiony

Assume 1 k Of solut'ion'

,Wt of

96d., g

moles

solution = 1000 m1 x 0.96 g/m1

x 0.0988'm 90.05 g NH3

90.05 g
(NHI) mol

5.30 M17 e

41.

960 g

(

41'
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vp

sib

solute x 1000
S. molality g solvent x MW solute 4(

2 g NaOH x 1000
12G g ITO x 46 einol

(%

molality NaOH = 0.42 m

2 1000
6. MolalitY =

g

BaC1 x

H20 x mq BaC12

0.4
x g BaC12 fx 1000

m
2060 *g H20 x 208

x = g BaC12 = 166 g-BaC12

/Total Weight 166%+ 2000, = 2166

7. 10% W/w = 10 g Ca13/12 pen 90 g 1-120

10 g Ca,Br2 1'000
11.olality =

g g20 200

= 0.56 m

solution

8. Since the units of molarity are moles/liler,p and volume is a

ktemperature"-dependent 'quantity, a sofution 411 usually tend to

increase its voluile witIff temperature, hence Pts molarity will'

then decrease. Mblality; being
-0

based totally on weight meas-
?

urements, will not change its dbncentrafiop with A change in

temperanre.

22
'

,1



ANSWERS TO PROBLEM

1TEST

SETS

^

TEST 2

1; 1. 11F:+01 ' 9. 20E+00

2. 2. 26E+01

..-
2. 2. 82E-01

3. 2. 70E-01

3.- 7. 57E+01

2. 97E-0.1 4. 2. 47E-01

TE:.sT 14 TEST 5

1. 2, 13E-02 1. . 9.1411E-03

2. 1. 63E+01 2. 9. 30E+01

5. 08E-01

3: 3. 31E-02
13 3. 39E-01

Es 9. 37E+01

rrsT4. 1

1, 1. 86E+01

2. 9.78E+01
41.

3. 8. 01F-01

5.435E-02

TEST 6

I. I

463 . 70 (7. ,11 1746, 37 M L

2. . 25E-01-

.3.- 7. 47E+00-

11 . 2. 28E-02

1.

2.'1.

a.

IA'

TEST 7

1. 82E+01

05E-01

4. 54F+00

1.95E-01

1.

- 2.

3.

TEST 8

0,1E-02

3. 73E+00:'

4. 04F,A-01

7..26E00

1

2.

3.

4.

l'EST 9

2. 30E-02

1. 60E+00

14. 42E+01

4. 0E+ 01



tc-A-

TEST 10

1. 46.60 G, 39.37 ML 1.

2. 2.21,E+00
.

3. 1.52E+01 3.

4. 1.04 E-02 U.

TEST 11 TEST 12

1.28E+01

3.49 E .

1.16E+00
4.

1.00E+01

1. 1.850+01 .

2. 5.34,E-01

3. 1.72E+01

4. 1.18R-01

1.

TEST 13

2.95E+01 1.

TEST 14

1.87E+01

-)

eig

'TEST , 15

1.. 1.83E-01'

2. 9..84E+01

s-

4.64E+01 2. 1.29E-01

3. 1.32E+00,, 3. 6.99 E.-.0 1 3. 2.64E-01

1.87R+02
. 4. 2. OE-02 8.55E+01

TEST 1

1. 8.45E+02

2. '64.82 .G,23,4.62 ML

. 6.35E-02

4. 2.40i-01

_

-%

.X,

1.

T T 17

2.56E+01
1.

TEST 18

6.59F-03
I

2, 2.09E+00
2. 2.14E+01

3. 4..60E-0%

3, 3,76E-01

4. . 9.72E+01

-14-. 5,78F-02



1' PST 19

1: 2.9(1'4.01

2. 4.15F+01

5.63F-01

0 a. 83E+02

I

"IfF

Tt,ST 71)

1. 8. ?6F,02!'

2. 1.61E+0C

611 E-4.r)r

.,.

Li . L$Tk05F+02
(1,,W.,s,;-". t ,

..,

,,:iI ''= ',:',.

. .-

-,..,

's ', ., I \--
,---

4E' ?

,, \ y'l...4,./
7( V---

...,/

sr

I,

*Os

f

.

4.
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Til computer progPam.is wi'itten in standard BASIC ooniMon to
tnearly all computers with interactive capability? Random number

1(
.,

gener tion may, however, vary from one machine to another. In this

version RND(0) will generate a cg pletely random number whereta
. , ,

negative argument pf RNly 1-dup -6ate-a prior sequence. The -string
z

arrays are simple and ava'lable in all versions of-BASIC C Since files

and file manipulatons VarT.considerably from one machine to an- -'
----------

ottfer, this quiz program has avoiped all Ise of files.- Thus, the

program has been designed o be 'as machine independent as possible.
,.

The programming technique is h thatyan instructor can easil sub-

7

stitute for any indilfidual questi in. the -set, or create an entkrely

'new quiz using.the structure of the method given here. 'I'he-total

time for a student on thelpcomputer should ndt exceed 15 minutes. On

the second liass;'the s4dent returns with the:answers.to.have.them

.graded. .The program aS written will accept student responses- correct

'to ±5%. his sPread-may be increased by minur changes in statements

1330 art.d 1335.

'



CTT Program for So I tosi on So I utIod5
8

/ CTEST
10'REM 1H1S PhOGHAM WHI11EN bY MOJAVEH,0/1 /73,A1 1I1'

15 REM THIS'IS A 2 -PASS walz PHOCHAM IN fICH 5 PROmLEMS WILL
20 HEM BE SELECTED AT RANDOM. AFTER AlS RING 1HE UUEST1ONS 1HE
25 REM STUDENT WILL HETUHN.ANO SUBMIT H S ANSW:HS. THE COMPUTEH
30 'REM WILL THEN GRADE HIS RESULTS
35 01m,A(51_,T(51,,N$I401,.S$('20),Y$(3),04
40 Ka()
45 CIRO'
50. PRINT,
55 PRINT "PLEAS!. TYPE IN YOUR NAME",
60 INPUT 44
65'PRJNT "PLEASE ENTEh YOUR WUIZ SECTION."
TO INPUT SS
75 PRINT "O.K. "ONSt" be YOU WItH 10 TAKE A TEST Ort HAVE Yew( "
BO PRIN1 "HESULTS MADED? IF .YOU WISH TO TAKE A 1EST RESPOND"
8'5 PRINT "(YES),4 IF YOU WISH .TO HAVE AN ExAM GRADED RESPONV (Nu)
90 P=1
95 I4PUT Y$

100 IF YST"Y-ES" 11-1E4 185
105 K=K+1
110 IF Y$="(40" TH,EN 130
115 IF Kv3 THEN 1465
120 PRINT "PLEA$E ENTER YES OR NO."
125'C010 75
I30 PR1N.T "PLEASE ENTER YOUR EXAM NUMBER."
135 iNPU1 A
140 PRINT &

"PLEASE ENTER YOOR 5 ANSWERS-IN THE EXACT pRDERfOF 1HE UUESTIONS."

145 PRIN1 "PRESi-'1RETURN) AFTER EACH INPUl."
150 FOK (Jul TO 5
155 INPUTCUl.
160 OEXT U
165 R=X
110 ir..-;R
17-5 P=2 p"0
180 GOTO 195 .

S.

165 R=INT(10000.5+40000*RND(0))
190
195 PRINT
200 PRINT

7/1
205PRINT &

I

U.

21012RINT .
:

.

l
0

215 PRINT "EXAM.NO. ."1-RITAB(.35),"NAMEr'")N$
220 PRINT DAT$(1,27),TAkI(35)0"SEtTION 4",S$

,

225'PRINT ,.t

-230 IF P<7,1 THEN'255 . *

235 PRINT "THERE ARE 5 WUE&TIONS ON THIL- EXAM. MESE WiE ALL.ON "
240 PRINT "SOLUTION CONCE4TRATI0NS. PLEASE ANSWER 1HE WESTIeNs"
.245-PRINT "AT HOME; ANU. COME BACK MHEN yeu ARE REAUY TO HAVE Y,OUR"

250 PRINT "EXAM GRAUEV." ..'
255,PH1NT

Pw,



`

A.

260 PRINT
265 IuU
.270 HuINT(1.5+4*RND(Z))
275 ZuU . .

280 60S101 1,440
235 GOTO k OF 290,335.375,42S,475
290 Rlut4T(10.5+10*kNU(t))
295 R2mINT(12'.54-3*RNp(z))/10

'.300 R3sINT(20.54.3*RNO(Z))
3U5 IF P4,1 THEN 325
310-PRINT "A"IR1I"PERCENT UY-WEI(HJ SOLUTON OF SOLUTE A I.N.WAlLk"

. 315 PRINT "HAS A DENSI1Y OF "1R21: C/ML. IF "/H31" ML OF THIS SOLUtION"

9

v-3e0-PRIN1 &
,A" 'AS EVAPORATED TO URYNESS.HOW MANY CHAMS OF SOW') A LWILL 'REMAIN."35

A k

Atiligh1*Ne*H3/1oo
1.0 51.5

*54'RI=IN1(3.5.4-2*HND(Z),)
340:122u1NT(1.54-4*R41J(Z))
311:1F P4,I 1HEN 365 ,

.39(14RIN1-R11" MOLES,OF AMMONIA,NH3,(MW-17),WAS DI'OLVg.0 14 "/H2
1.tii I Nt

c':,,,5-,e4ATERS OF wATEN(1)NS=1.60%).CALCULATE THE PFHCENT OY WEI(H1"
1:3634k4N1 "OF NH3 IN1 THE SOLUTiON."
slig5M(1)=100*(R1417)/(1000*R2+81*17)
310_POTO 515'
'5AiltINT(88.5'+10*RND(Z))

3 IiINT(160.54-25*H4D(Z))/104,
.R3vINT(54544b*RND(Z))/10
AF P4,U THEN 41539

dRINT "A SOLUTION OF SULFUKIC,AUW,WaSO4,(MW7.98),KAS
"TRATrON OF "ilit11" %W/V WeSO4 AND A DENSITY OF

1040. "G/AL. CALCULATE TME WE1GH1 OF H2SO4,1N CAAMS',
%

41D PIWIT H31" LITERS OF SOLUTION."
4I3f A(1)=.4R1*R2*k3*10
4a10.6"JTO 515
4i25.H.t-'iINT(II.54.4*RND(Z))/10

.\430 Ft4I,NT(5.54:5*HND(Z))
1,*'4345 qt(1.5#.4URND(Z))

THEP; 465
'T V1,.44S4PMkPIT,"A DILUTE SOLUTION GiF SODIUM ACPATE,NAC2H302,(MW=K2),HAS A"

A CONGEN"
"/H2
CONTAINED iN"

; C, - tt.41,-
;,1:*:..

,_

745U tgANA, SPE(dIFIC GRAVITY
' 1,4W/it4 -OF SOLUIE."-

.. 55'VRTNil "HOW MANY CRAMS
`i...() Ini:SpLUTION?"

5 ACA311 i*R2*R3/100
o GOTO-- '0
A.041*INT( S'.5+5*HND(Z))

4I

ill2stINT,40.54.10,044NU(Z))
iPi'iegic.THEN 510

A

OF "1/111" AND CONTAINS "114218,

OF SOLUTE AkE PHESENI IN "iii3," ML OF,"
.%

INIOSUMINO NO VOLUME-CHANGE ON MIX4NboCALCULATE THE %V/V"
941k1.0 °10-,' SOLUTION CONTAINING "1R1146 GRAMSOF ALCMH0LiC24.50H,"

IIWL46,IN "ft121" ML OF WATER. DENS.ALC.u0.8
,1120u1 G/ML." .-

14)=100* ,./.8)/tR24R1/.8) , .

r -
. N.

seit,
9 4 ,

1.h C1



::tr"'-ef"zir

;-4I'

A

---5I5 RIRINT(1.5+4*HNUiL4)
520 GOSUB 1440
525 GOTO R OF 530560600,635,665

RImINT(6.5+4*ONO(4))

A

535 IF P<>1 THEN 550
540 PR11T PTHE'SOLUB,ILITY OF TH'E INSECTICIDE LINUANE pC616CL6,(MW=291)'

S45 PRINT "IS APPROX. "ili1JV
" M. CALCULATE THE MOL,ALI1Y OF THIS SOLUTION."

'550 1;II1=R1/(1000*P91)
555 6010690 ,

560 RI=1NT(6.5+24UNU(1))
565-H2*INI(1.5.44'RND(Z))
570, IF Pg>1 THEN'590
575 PRINT &

"THE SOLUdILITY OF THE INSECTICIDE LINDA44E,G6H6CL6,MWa291)..1S"
580 PRINI "APPROX. "JR1;8.

' PPM. HOW MANY MOLES OF LINUAN ARE PRESENT IA",
565 PRINT R2J"LITERS OF A SA1URATED SOLUTUON. DENS. 21 G/ML."
590 A(1)=R1*R2/(1000*291)
595 G010 690 f

60t) RI=INT(1.5+4*R1U(Z))*:,000001
605 R2=INT(2.5+7*RND(L))
,610 IF P<>1 THEN 625
,615 tRIA1 "IF SEA WATER CONTAINS "SKIP&

" PPM OF GOLD;HPW MANY TONS OF SEA"
62V PRINT "WATER MUST BE PROCESSED.TO ExTRAC1";Wel"GRAMS OF GOLU?"
625 A(I)=500*R2/(454*R1) #

630 GOTO 690
635 RI=INT(1.5+3*RN0(4))*00U1

,640 IF 1-(>1 THEN 655
645 PRINT "THE SOLUBILITY OF NI1HOGEN GAS,N2,I4 WATER IS APPROX. "JR/
650 PRINT "MOLAR. 1:ALCULATE THIS SpLUBILITY.IN PPM."-
655'AII3=28*1000**R1
660 GOTO 690
665 RI=INT().5414*1iNU(L))*.001
00 iF. P(>1 THEN 685
675 PrtiNi "THE SOLUBILITY OF OXYGEN GAS,02sIN WATER IS APPROX. ";R1
680 PRINT. "MOLAR. dALCULATE,THIS SOLUU4LITY 1N-PPM."
685 A( I)=32*1000*R1
690 R:INT(1.5*4*RNO(G))
695 GOSUH 1440
100 GOTt R OF 705,70,795.830.870
105 li1mINT(1.54.9*R1D(t))
'Mk R'21tIN11(150.54.100*RND(Z))
-715 OlktNT(12.5+3,11RND(Z))/)0
,720 IF P<>1 THEN 740
725 PHI41 "k sucAR soLurieN C0NTAINS"JR1i"6RAMS OF SUCROSE,C12H22011,"

730 PRINT "(MW 42),PEK "3R21" ML OF 'SOLUTION.THE DENSITY IS "IN3Itt
" GIML."

735 PRINT "CALC CATE THE MOLARITY'OF THIS SOLUTION."'
740 ACI1*1000*RIV(3,42*R2)
745 GOTO 905.

.1

750 RIgINT(100.5+160*RNU(Z))
755 rias4NT(2+3*HN)(0)



1. 1

760 k3sINT(100.5+1-45-004Wi(Z))
765 124=INT(1.5+9*RNOZ))/10
770 IF P41bi 1HEN 785
77S Pk1NT RI;"ML ak "1R41" MOLAH CUS04 WAS MIXED W11H "sH31" ML OF

713U PRINT "MOLAR CUS04. CALCULA1E THE FINAL MOLARITy."
785 A(1)11(xl*W*143*R4)/(R100)
790 GOTO 905,
79S R1=11N1(1.5+9*HNU(Z))
.800 k2=INT(10.5+20448ND(L))
805 IP P<>1 THEN 820
olU PRINT "HOW MANY_LITERS OF "'kis&

"MOLAR SOLUTION CAN 8E, PREPARED FROM"
815 PRINT R2;"GROMSOF 8A(0H)2,(MW----171)?"
8X0 A(11=R2/(1711*R1)
825 COTO 905
b3(J A4=1NT4300.5+400*HN0(Z))
835 k2=INT(10.5+20*RND(Z))
840 IF P<>1 THEN 860
845\PRINT Rls"ML OF A SOLUTION OFJHCL REACTS COMPLETELY WITH "1k2;
850 PRIAT "GRAMS 0P ZINC.(MW=65.4). CALCULATE THE M0LARI1Y OF THE "
o55 PRINT "HCL SOLUTION."
860 AtI1=(2000*We!)/(R1*65.4)
865 COTO. 9Us
870 RI=IN1(1.5+4*.RND(Z))
875
bri.0

k27-1NT(1.5+4*RND(Z))
IF P(>1 THEN 900

s85 PRINT "HOW MANY CRAMS OF CUS04.5H20 .(HYURATED CRYSTAL).MUS1 ak '

690

895

PRIN1 "TAKEN TO

PRINT "CUS0.4.."

PREPARE "181;"LITERS OF A "IR2J"1OLAR SOLU1iON Ori",

900 ACI1xR1*R2*249.6
905_,,i=1N1(145+4*RND(Z))
310 GOSU8 1440
915 GeTo R 0Fi920,955,985,10v0,1060.

RI=INT(5.5+10*RN0(Z))
925 ii2=1N1Ce0u.54.300*KNV(Z))
930 IF 1-1<>1 THE1 945
9%35 PRINT.XII"GRAMS OFMA2CO3,(MW=106)WAS DISSOLVED-IN"AR2i"CRAMS OF"
940 PRINT "WATER. CALCULATE THE MOLALITY OF THIS SOLUTION."
945 A(112(1000*R1)/(106*R2)
950 COTO 1090
955 kl*INT(10.5.1 D(Z))
960 IF 1343.1 THEN 975
965 PRINT "A SOLUTION 1S"OH " ERCENT BY.WEIGHT Kr,(MWis510.CALCULA1E"
970 PRINT "THE MOLALITY OF THIS T101'J."
975 AtIl=t1000*R4)/((100-R1).*58)

. 980 GOTO 1090
985 H1=IN1(2.5+3*RND(Z))
990 R2dINT(12.54.444KNDM)/10
995 IF P.c.,1 THEN 1010

't

CiU7-

1000 PRINT "A",R1J"MOLAR SOLUTION OF KAN04,(MW=158),HAS A DENS,ITY OF"
loos PkINT R21"6/ML. CALCULATE THE.MOLALITY OF 'MIS SOLLITION.q
1010AM=1000*R1/((.1000*H2)-158*R1)
1015 GOTO 1090
1080 RI=INT(1.5+4*HWCZ))
102 ri2INT(6.54.4*HND(Z))

I. '3



1030 IF P,I TH6I 1050
1035 PRINT

"6LYCERINE,C3H803,(0 96),MIXES WITH WATER IN ALL IeHOPOHTIONS."
1040 PRINT "CALCULATE THE MOLALITY OF A MIXTURE OF"INII&

"MOLFS OF GLYCEIO,NF'
1045 PRINT "WITH"11421"MO t 0t WATER. THE WA1EH'15 THC SOLVENT."
1050 A(1)=1000*H1/(18*R2

,

1055 GOTO 1090
1060 RI=INT(10.-54.10*RNU(In)
I065 H21N1(200.5+1004,RND(Z))
1070 IF P<>1 THEN 10S5
1075 PRINT RIt"CRAMS OF AGN03.(mw7170),DISSOLVED 1N!",R2J"GRAMS OF -WATER"

1080 PRINT- "-YIELDS A SOLUTION :OF WHAT MOLALITY7"
10b5 AI0=100041R1/(170*k2')
1090 R=INT(1.54.4*NN0(Z))
1095 COSUH 1440
1100'60TO N OF 1105,1150,1180,1225,1275
1105 R1=1NT(20.54.80*RND(Z))
1110 R2=INT(1.5.44eRND(Z))
1,115 R3=INT(t00.54.100*RNLWL))
i120 H4=1WW).54-3*RND(Z))/10
1125 IF P<>I THEN 1140
1!,30 PRINT I

"CALCULATE THE TOTAL HYDROXIDE ION MOLARITY OOTAINEU HY MIXING"
1135 PRINT R1i"mL 0F"JR2f"M0LAR NAOH WITH"iii31"ML OF";R4;8,

"MOLAR BA(OH)2."
1140 A(11=((-RI*R2)4.(2*R3*R4))/(RI+R3)
1145 GOTO 130a,
IISOHI=INT(7.5+$*rcND(Z))
1155 IF P<>1 THEN 1170
1160 PRINT "A SOLUTION IS"t1i1;"CW/W ZN3(PO4)2,(MW3386). CALCULmTE THE "

1165 PRINT "MOLALITY OF THIS SCLUIION."
1170 A(13=1000*It1/((100-R1)*386)
1175 COTO 1305
11E50 RI=INI(1.5+4,0RNIAZ))
1185 R2=INT(I.5+4*RND(Z))
1190 R3=INT(6.5+4*1N0(L))
1195 IF r<>1 1HEN 2I5
1200 PRINT

"HOW MANT GHAMS OF PUKE ETHYLENE CLYC0L,CH602,(MW2262);MUS1 13E"
1205 PHINT "ADDED 10"PRI3"KIL0GRAMS OF A"Ift2;8,

.',ZW/W SOLUTION TO RAISE THE"
1210 PRINT "CONCENTRATION T0"IR31"XW/W ?"'

1215 A(41=1000*1(1*(R3-R2)/(100-10)
12c0 GOTO 130
1225 RIsINT(110+4*NNUCZ))
1230 R2=INT(X-.54.44tRNO(2))
1235 R3u1NT(1.5+A*RND(Z))
I240 IF 1A,1 THEN 1265 A

1845 PRINT "WMAI WEAGHT OF PURE WgTEN MUST bE ADDEVT0"Iii1;4
,"KILOCRAM$ OF"

1250 PRINT "AN AQUEOUS SOLUTION OF ETHYLENE GLYC0L,C2H60;8,(MW=62),TO"
J255 PRINT "LOWERe4HE CONCENTRATION FROM"IR2;"%W/W ETHYLENE GL,YCOL

126 PRINT 10;";WW "
1e65 I 1.= tU0Oistp1o(Ft2.;.k3)/10_8....



4'4

0.270 GOTO 1305
fr

1275 RIABINT(1.5+4*RND(Z))
1280 R2=INT(1154.4*RND(Z),/10
1285 IF P<>I THEN 1300.
1290 PRINT 4A"IRI ;"MOLAR SOLUTION 01:'4.0Hp(MW=56),HAS A DENSITY OF"IR2'
1295 rkINT"G/M4.. CALCULATE THE MOLAL1TY Oi.AFHISSOLUTION.."
130. A11)=1000 t/(1000,0R2-56,0121)
1305 IF P=1 R 1380
A310 PRINT " RECT","YOUR"
1315 PRINT 4ONSWER,","ANSWER"ARSUL1"
1320 I"RIL.1;e'

1325 FOR 1=1 TO 5 ,

1330 AII1>1.05*T111.THEW.1355
1335 IF A(11<95*I(I) THEN 1355 _c

1340 LS="CORRECT" * Z,

1345 G=4+20 .

1350 COTO 1360
1355 LS="WRONG "
1360 PRINT A[IlTTI1411.$
1365 NEAT
1370 PRINT
1375 PRINT "YOUR GRADE ON THIS 01.11Z IS"IG,*."'
1380 PRINT

. t

1385 PRINT A

N.

It

f
,...41)

4'4

- "
1390
1395
1400
1405
1410

IF G4>100 THEN 1400
PRINT "MAHVELO-US FRIENDYOU HAVE BEATEN THISBROKEN MACHINE." .
PRINT ."(4001.) LUCK "oN$1t AND HURRY.BACK."
PRINT
IF P=1 THEN 9999

14i5 PRINT &
"WOULD YOU LIKE TO TAKE ANOTHER UUIL7 PLENA ANSWER YES OK NO."'

142.0 INPUT Y$
1425 P21
1430 IF Y$="YIES" THEN 1.85 :

.
1435 GOTO 9999

%.0

1440 1=1+1
1445 IF'14=2 THEN 1.460
1450 PRINT .

1455 PRINT "UUESTION. "11
1460 RETI.NN
1465 PRINT "SORRY "IN$i" PLEASE CET SOME HELP. SO LOAG FOR NOW."
999'A ENO

4

A

/dr

3

,
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F I rst Pass on Obta inj ng a Computer Qu 1 z

PLEASE TYPEIN YOUR NAM,
?MORRIS
PLEASE ENttP YOUR WI: SECTION.
189

MOFRI.S DO YOU W1.SH TO TAKE4i9 TEST OR HAVE YOUR
PESOLTS GRADED. IF YOU WISH,TO TPiKE A TEST RESPOND
(YES OR t4 ,01

cs,

TUE, AUG 20. 1974.'1012 PM

fj

oa

l

Si

NAME MORR I S

SECT TON 99

THERE ARE 5 QUESTIONS ON THIS EXAM. THESEfARE ALL ON
SOLUTION COWENTRATIONS. PLEASE ANSWER THESE OUESTIONS
AT MOME..laND:COME;BACK WHEN YOU ARE READY TO HAVE YOUR

6pApEn.

.4..

.nUESTION. 1

MOLES OF PMMUNIA.NH9,(MW717',,WAS DISSOLVED IN 4

1.:ITERS wATtR.DENS=1.6 MO.CALCULATE THE PERCENT By mEIGHT'
% ,OF NH3 rHE'SOLUTIO.

IDUFSTION4 2
THE SOLUBILITY OF THE CTICIDE LINDANE.C6H6CL6,(M'W=291),IS's
APPROX. ; pem. 'MANY,MOLES OF LINDANE APE PRESENT IN

LIrEp. OF A SATURATED SOLUT/ON.4i,DENS. =1 G/NL. .
n

OUE3464A. 3 -

HOW MANY LITERS OF 7 MOLAR SOLUTION CAN,BE PREPARED FROM
-14 1771RAW; up vAear)?,01WF171)?

4

OUESTION.
A 'SOLUTION'IS, 18 PERCENT BY WEIGHT KFrfM0=58).fCALCULATE
THE MOLRLITY OFAtHIT SOLUTJON.'

OUESTION. 5
HOW MANY GRAMS OF PURE ETHYLENE tiLYCOL.C2H602,(MW64),MUST BE
ADDED TO. a KILOGRAMS OF R 2 , W/0 SOLYTION TO RAISE THE,
CONCENTRATION J0,8 , w/w 7 V

LUCKMORPIS'AND HURRY BACK
,

.33

,
=lame r sr--
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1.*

ar

a
c.

Second Pps for Qu ? Grad I ng

LERSE TYRE.IN YbUR NAME
?MORRIS ,

,

PLEASE ENTER YOUR 06IZ SECTION.
r,709 .

,

O.K. MOROS DO YOU WISH TO TAKE A' TEST OR HAVE YOUR
RESULTS (SPADED? IF YOU.WISH TO Tr+E A1,TEST RESPOND
(YES OR NO, 1

MO .

PLEASE ENTER YOUR EXAM NUMPER.
73i624. '

PLEASE ENTER YOUR 5NSWERS IN THE P-:ACT ORDER OF THE QUFSTIONS.
PRESS ..RETORN) AFT,ER EACH INPUT.
1.25995 1 s

,

,

r.

EXAM NO.:. 31624
TUE, AUG'20. 1974. 10:42 'PM

NAME MORR.4 S

ECT ION 09

CORRECT ANSWER YOUR ANSWER RESULT
1.25995 CORRECT
4.81100E-05

,1425895
45, WRONG

1.16959E-02 12 WRONG
3.79469 3.76 CORRECT

' 13'0.435 125 CORRECT ir

YOUR GRNDE ON THIS QUIZ 15 60
4

GOOD LUCKMORRISANP HURRY BACK.

er.

1St

15

1.`

"In

fit
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Dis,Fourse Where Student i!tfempt to Befaddie ComOuter

4,

VEST'
t.

,
?LEASE TYRE'IN YOUR NAME

7MORRIS .

..!''PLEASE.ENTER YOUR QUIZ SECTION.

iri'139
vAp.K.'.MORRIS lato YOU WISH TO TAKE A JEST OR HAVE youR
RESULTS GRADED? IFYOU. WISH 10-TAKE A TEST RESPOND

(YES,OR.N0).,

.

,

k PLEASE ENTER YES OR NO. .
.

O.K. 11ORRI DO.YOU W:ISH TO TAKE A TEST OR HAVE. YOUR
RESULTS GRPDED? IF YOU MISH TO-TAKE A TEST RESPOND
(YES OR NO .

,
,

IrIAAY .Q, .'
.-

11_
11)LEASE ENTER-YE$ OR NO.. -,-'

;

O.K. .MORRIS DO YOU WISWTO TAKE A.TEST OR HAyE yem
k RESULTS GRADED? IF YOU WISH TO TAKE A TEST RE'sfONt

'4, rygs OR NO) ..

e

.

(

ON

.'PLEASE ENTER. AAIsR NO. e

"'O.K. MOFTIS DO YOU WISH !III fAKE A TES+ OR HAVE YOUR
-RESU(TS,GRADED? IF YOU WISH TO TAKE A TEST RESPOND
(YES.OR NO)

:,-SORRYMORRISPL6SE.GET SOME HELP. SO LONGrF,OR NOW. .

.?

1.4

C.

6.0

4frt:

l

`,c'

a.

16,

t 1

4

C.,

f
3

1,"

r
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Unit ToFit on Conc'en-tratlolt Uhl-i.ti_time..;45 win.

TEST 1

A. TO WHAT VOtUM (Mt) OST q .17 G OF KHr
3F, DILUTED TO M NEE A 0.196 M 3OLUTTON ?

rFa:ptrl

;2. TUE SLOBI la. TY OF MnCl? IS:.J. 66 *4 Cl 111Q2 PER 100 G WATER
CAT ,SolE TEMPPQ ATUP E. WHAT' IS TOE W,EIdHT PERCENT OF PU '

SATU7tATFD SOLUTION OF MnC1 ; AT THIS, TEMPE12ATU'P E:-? )

e , ....3. .1F ,A SOLUTT,(bN: OF DENSITY 1.116 G/ML TS PREPARED BY DISSOLVING 30.5 G
--)F 417 (S0A) N J N- :011 II W ATEP- Tn- FORM 1 LITT-11 o r SOLUTION,
WI, A r WOULD DE; THF M( .A I. TTY OF At? (SO4) 1

.

rti Trit -SOLUTION?

4. A SOLUTION IS PPLP42jrDI3Y DISSCiVING 49.6C GRAMS OF Bk12 IN
ENOUGU IOTER TO FOA.M M LITER OF SOLUTICN., TUE DENSITY-OF THE SOLUTION.IS 1. 11 (1/M.1.,, CALCUL. irE THE IOU", FRAcTI3J1 OF W ATER I N U IS. SOLUT ION

,

,

TEST 1

1. 4. 14,E+02

3.99E+61

3. a 21E-.02 .

4. 9.96E -01

41,

S%

,
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:Unit ToVt, op CopcentTation Unitm timo,215 min.
.<

-TEST 2

1. TO :WAAT VOLOME (IL) MUST 1.37 (1.0F KNO1
DILIJTED TO MOrE A 0.641 M SOLUTION. ?

CALCULATE THE MOLALITY OF M004 IN A SOLUTION CONTAINING 41.00 GRAMS
OF WATER IN 8.77 GRAMS OFMgSP,..

3. THE DENSITY OF 52.0 PERCENT (NH4)3PO4-SOLUTION 1St 1.152 G/ML.
WHAT WEIGHT AND WHATr VCLUME OF THIS SOOTION WILL CONTAIN

82 *PAMS-OF (NH4)1PO4 ? r
4 . A SOLUTION IS PREPAVEb BY DISSCLVING 115.80 GRAMS cOF OaC12 If
I
4 ENOUGU WATER-TO FORM 1 LITER OF SOLUTICN. THE DENSITY OF THE SOLUTION

IS 1.15 G/ML. CALCULATE THE MOLE PPACTION OF WATER IN THIS SOLUTION.

A

4"

Ink

TEST

2.12E+01

2. 1.78E+06

3. 157.70.G,13t.89 ML

4. 9.90E-01.

6

7'.;q11

, .

r



c.4.4 P.'

nnit Test on Concentration Units ,time=15. min.

* .
TEST 3

1, A-SOLUTTON'ISPIREPARED ay DISSOLVING 8.10 G OF lac10, IN ENOUGH WICTER&
TO FORM 1 LITER OF SOLUTION. TUE DENSITY OF. THE SOLUTTON IS 1053,G/ML.CALCULATE THE WETGHT-pERCENT OF WATER IN THIS ',SOLUTION.

.

,?)
,

- r. 2. A SOLUTION IS PREPARED HY DISSOLVING' 60.6Q GRAMS OF MnClr IN-e .ENKuGH WATER TO FORM 1 LITER*OF SOLUTICN. THE DENSITY OF THESOLUTIONIS 1.35 G/ML. CALCULATE THE MOLE FRACTION OF WATER IN THIS SOLUTION..r7-

V

ly__A-SOLUTION OF-DENSITY 1.1109-G/M1 TS PREPARED BYDISSOLVING '80.5 GKMn04 TN ENOUGH WATER TC FORM 1 LITER OF SOLUTICN,WHAT WORLD.B1 THE MCLALITY.OF.KMn04
.THE SOLUTION?

),4 TO WHAT VOLUME-00 MUST 0.42 G OF Kr03
RE DILUTED TO MAKE A 0.251-M SCLUtION

t.

maw"

rp.

TEST 3- .

1. 9.93E401

: 2. 9..93E-031

3. 3.62E-01

4 7.87E+00 .

2

.1

t.
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:TEST 4

1. AiHF OFNSIT't OF 42./ PERCENT MqSO4 SOLUTION IS 1.1L4 G/ML.,
'JIMAT WEIGHT AND'WHAT VCLUMF OF THIS SOLUTION WILL CONTAIN

28 ORAMS OF Mq50,x?

(!nit on Concentration.Units time315 min.

,

2. :CALCULATi THE MOLALITY OF Bap? IN A.SOLVTION CONTATNING4' 13:(0 GROS
OF WATER IN- 6.42 GRAM$ OF Ban?. '

1. IT TS DES-Ti?ED TO PPEVAPE A SCLUTIaN OF Alz(SO4)1 IN .350 ML OF WATEP
SHCT-THAT THE MOLE FRACTICN OF Al.? (SO ) IS EoUtU TO 0.0416 .

HOW MANY qPAMS oF /11(SO4)3 ART. REQUIRED?,:-

4.: TO WHAT nuitir (ML)"MUST 9.22 G OF Mq304
DILUTED TO MAKE A .0.307 M SOLUTICN ?

I.

Jo

fEST 4

1* 65.58 G, 57.39 MI.

2. 2.37E+0q

, 3.. 2.89E442

U. 2.50E+62:

;-

S."

11%

(4"

0-



Unit Test on ConconT1 ration Units time=15 min.

TEST r
3 -*

2.01. FIND THE VOLUME fig LTTEPS OF 022U M Na3PO4 SOLUTION
.

, THA'T CAN BE PREPARFD FPOM 5..-5U G OF Na3PO4..

2. (.7,,ALCULATE THE'MOIE,FRACTION 0E(NH4)3P*0.4 Itt A SOLUTION CONTAINING 21.00 G.OP (N403104 IN'.,602.0 GRAMS 0,F NATE

3. jF A SOLUTION OF-DENSITY :1.055 G/ML rE PREPARED BY DISSOLVING
OF.Ni(NO3)7 IN ENOUGH WATER TO FORM 1-LITER*OF SO:hUTION,

AiHAT_WOULD_DE_THE- MOALTI
. IN TH17. SOLUrrION?

.

1A-SOLUTION IS PREPARED BY DISSOLVING 0.95 G OF Al2(SO4)3.IN.ENOUGH WATERTO FORM 1 LITER OF SOLUTION. THE DENSITY OP THESOLUTibN TS 1.331 (1/M1. 4CA1CULATF-THE WEIGHT PERCENT OP WATER IN THIS SOLUTION. 4

VESV 5

1. 1,.47E-01

2. 3.96E-03

6
3. 2:41E-0144 It

rr

4. 9. 61/TE.(51

I

,

ff

.t4
t.."-

tr.

7



.

.,Y ' r '-: - 177,-Z71":9! : ,. A . t;
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Uriit Test on. Concentration Units timP=15 win.

..TFST C

1. 0.558 MOLES OF K2Cr.0,, TS DISSCLVED IN ENOUGH_WATER
TO FORM'l LITER OF SOLUTION. WHAT TS TOE'WEIGHT PERCENT, OF
WATER IN THIS 4)OLUTTON WHOSE DENSITY IS 1..159 G/ML

2. ty IS'DESTRED TO PREPARE A SOLUTION OF .Keir IN 25 ML OF
SUCH THAT THE MOLE FRACTION OF Kfir IS EQUAL TO 0.0133 .

HOW MANY GRAMS CP KlIr-XRE RFOUIREb?

Tr'

WATER :

7

ii_k_SDLUTION.OF DEASITY.1.2.68_LIML_ISPAERAMEDl3TAIISS-OLy_ING
OF CI(NO3)2 IV ENOUH WATER TO FORM 1 L'Imi OF SOLUT7ON,
WHAT, WOULD PE THP MOLALITY OF C1 (NO3)?
TN THE SOLUTION?

4. CALCULATE THE NJIMR0), OF MOLES OF -CaBr., T,N 47.1 ML
OF 0 3H1 M CaPr2.

.

.1

A

5

. TEST

1. 8.58E+01

2.. 2.23E+00

1,72E-01

4. 1.8'0E-02

ai

2 .

4.

4

49-.--5G-

2 :

it

A

.0
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41.

st

" ;Ar A
k

Con.c.,4nt rat ion Unita. timir15 _min.

' ,
a

r.TEST 7 :r:isA s .

'.1.,1.-` TtrE DENST ' -.-1.7 SCLUTTON OF Na3PO4
IN W ;TER P C 'G/M 20 of:G. C. ,
CALCULATE ,,,G1151' NT ornE, SOLUTION.

,{,ti.. .

2. CALCULATE' Tti T.E tIA N Of; MqSO4 'I N A SOLUTION' CONTAINING -36.35 qOF MqSO4 IN 2600- Gm-MS.441 WkiFni.
,-.. .,, . l'ii,. , ,..e ,

3. IF A SOLUTION SITY :1(..4351,§40L IS PREPARED BY DISSOLVING
ar(fro1 IN-- E-No-u 4,./7*-10,4"-R----TO.:710R-tt --1--I.-ITTIT4- -0-F --s-o-LITTP111,
WPIAT WOULD, E3F'.Tt. LITY tIF KI03
IN TUE SOLUTIONA: !.:.-; c

.,.

4. WHAT IS TUE *MoLArif h - 4..,:t.13 .P..F RCFS T S#LUTION Oi
TUE DENSITY OF TUE., JON , iibv- 1..022 G/ML . ,.

, 1
'-'s

K Cr 20

T EST 7

1. 2.45E+01

. 2.'65E-02

3. 1.95E-01

4 7.92E-02

570 G

.....1.
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Unit Tost on Concentratiun Units fimen15 Min.

,frEs'r s' A
1. A SOLUTION IS PRrPARED BY DTSSOLV1NG 48.45 G-OP CaBr2-14N ENOUGH WATER

TO FORM 1 LITER oF SOLUTION. THE DENSITY or THE SOLUTION 15 1.150 G/ML.
CALCULATE TUE'WEIGHT PERCENT OF WATER IN THIS SOLUTION.

CALCULATE TUE MOLE FRACTION OF K2Cr207 TN A SOLUTTCN CONTAINING 3.90 G -:

, OF K2Cr207 IN 14p.0 GRAMS OF WATER.

3. CALCULATE HE $MoLALITY OF NISO, TN A UTT() CONTAINING 1500 GRAMS
OF WATrR TN 4.17-GRAMS ,OF M004.

0,

T !M
P

to

4. FIND THE NUMBER OF GRAMS pV KMn04 REQUIRED TO RREPARE 1.20 LITERS
k OF 4.205 M SoLUTION.

c

fi

TEST

1. .9.58E+01

2. 5.86E-04

3. 2.31E+00

4. 7.97E+02

.



Unit Testton Concentration Units,. time=15-min.

r\
9

.THE DENSITY,OF 82.fi PERCENT KBr SOLUTION IS 1.183 G/ML.
WHAT WEIGHT AND WHAT VCLUME OF THIS SOLUTICN WILL CCNTAIN
99 GRAMS OF Knr ?

2. A SOLUTION LS PREPARED Hi DISSOLVING 42.45 GRAM4'OF Capre IN
ENOUGH WATER TO FORM 1 LITER OF SOLUTICN. THE DENSITY Of THE SOLUTION'
TS 1.40 G/ML. CALCULATE THE MOLE FRACTION OF WATER IN THIS SOLUTION.

IP A nLUTION OF DENSITY 1.314 G/ML TS PREPARED BY DISSOLVING
OF Crcll IN ENOUGH WATER TO FORM 1 (LITER OF SOLUTICN,
WHAT WOULD BE THE MCLALITY OF CrC13
IN TH SOLUTION?

4.. WHAT TS THE MOLARTTY OF A. 4.12 PERCE0 SOLUTION OF CuSO4.020 ?
THF DENSITY OF THE SOLUTION IS. 1.04(.! G/ML

TEST 9

1. 119.86 G,101.35 ML

2. 9.97,E01 14.

1.15E-01

4. 1.72E-01

?

14

?4,z1-..,Y.

23.5 G

kr
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Unit Test on Concentration Units time=15 min.

TfST le

THE DENSITY OF A i.38 M SCLUTICN OF Danz IN WATER
IS 1.074.G/ML AT 20 DEC C..CALCULATE TUE MOLALITY OF THE SOLUTION.

4

2. T9F DENSITY OF 45.9 PERCENT KMnO4 SOLUTION TS 1.146 G/ML.
WHAT WEIGUT AND'WH4T VOLUME OF THIS SOLUTION WILL CCNTAIN

on GRAMS oF K.Mn04 ?

3. TO W9AT VOLUME (ML) MUST 1.61 G OF Cd(NO,)2
RE DILUTED TO MAKE A 0.936 M SOLUTION-?

4, A SOLUTION IS PREPARED PY DISSCLVING 116.85 GRAMS OF KMn04 IN
ENOUGH WATER TO FORM 1 LITER OF SOLUTION. THE DENSITY OF THE soLpTION
TS 1.21 G/ML. CALCULATF TO: MOLE FRACTION OF WATER, IN 'NIS SOLUTIoN.

TEIT 10

1. 1.76E+00

ISM

,2. 213:51 G,I86.33

3. 7.29E+00

4. 9.18E-01,

p'



TFST
1.

'

\

'410

Uhit Test on Concentration Units , time=15 min.

L14

11

TN A SOLUTION OF HENSITY '"1.198 G/Mt IS PRPPARF.B'HY DFSSOLVING 96.5.G
OF CO (NO3) p IN ENOUGH WATER To Fopm 1 LITER 9f .,$QIUTION,
\WHAT WOULD BF 'PUP ;f1,AIITYPF't1 (N0.)-2-''
TN. TV', SOLUTION? 1 -

;

2 . 'THY SOLUBILITY NO: AgN,03 IS - 76.5 G AgNO3 PER 100 -G WATER
AT sOIE TEMPERATURE. WHAT TS THE WEIGHT PEUCENT OF A
.;ATIMATED SOLUTION oF AqN05 AT THTS TEMPERATURE ?

3. TO W4AT VOLUMF (ML) MUST 5.94 G OF K2CC70,
RE 2.TLUTED TO MNEE A 0.579, M SOLUTION ?

i

4

4.: A,SOLUI'ION IS PREPARED BY DISSOLVINq 113.95 GRAMS OF KMnO4 IN
E4ounn WATER Po mum 1 LITER OF SOLUTICN. THE DENSITY OF THE SOLUTION
Pi 1.26 (.7mt,. CALCULATE TuE MOLE FRACITION OF WATER IN THIS SOLUTION.

c.
4.

Mte
TEST 11

1. 3. 32E-01

2."' 4. 33E+01

3. 3.49E+01

.7

Cr
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Unit To.t on CotWentration Units timer15 min.

N.

P

12
TO WHAT VOLUME (ML) PCIST 1.31 .(.; OF (NK4),PO4
BF DILUTED TW'MAKF, A 0.160 M SOLUTION /

2. CALCULATE THE'MOLALTTY, OF Oi(NO3)2 IN A SIOLUTION CONTAINING B1.00 GRAMS

0

OF WATER TN 1.C6AIRAMS OF Cd(NO3)" t

3. CALCULATE NIF MOLE FRACTION OF (NH4),PO4 IN A SOLUTION CONTAINING 45.qvc.
OP (N1c4)3PO4TN 4SS.O GRAMS.OF WATER..

. .

A SOLUTTON IS PREPAPED BY DISSOLVING 31.13 G OF A1a(SO4)3 IN ENOUGH WATER
TO 'FORM 1 LITO dF SOLUTION. THg DENSITY OF THE SOLUTION IS 1.133 G/ML..
CALCULATE THE WFT(3HT (5ERCENT OF NATE!? IN THIS SOLUTION.

f

,

tz't

TEST 12

1. 5.27E01

2. 5.53E-02

1. 1.11E-02

9.67E+01

r
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-Unit Test on ConcontrAtion Units time=15 min.
5..

7;755 7,1,411111

. ;Pit'

TI,ST 13
1. A SOLUTION IS PREPARED BY DISSOLVING 15.00 GRAMS 00' (NH4)3PQ. IN(

FN1T/414 WATER To FORM 1 LITER Or SOLUTION. THE'DENSITY OF THE SOLUTION
TS 1.09 G/MI. r'ALCULATF THF MOLETRACTION 9F WATER IN THIS SOLUTION.

S.

PIM) Tnr mpLAPTTY OF A SOLUTION.PR6A.HED ny DISSOLVING 0.55 G
or KTql IN,A TOTAL OF 384 ,MIL OF SOLUTION.

3. 1 A 'SOLUTION CF DFNSTTY 1.293 G/ML IS'PRFPARED BY DISSOLVIN(
3. f) 1-..)1.FS,_ OF niso, Irt ENOUGH W AT ER-1TO -FORM 1 LTT-ER--0-F--- SO-L-Wr-ON-i-
WHAT 400Lb DF TMF WFTGMT TERCENT OF MqSO4 IN T11.E SOLUTION?

(4, CATCM.ATE TH.L M'OLALITY OF Al2(504)t3 N A SOLUTION CONTAINING ,64.00 GRAMS
OF t4ATER IN 2.C3 GRAMS OF A1t(SO4)

5?

d

5t

51,

tot

r.,

/EST 13

1. .98E-01

.2. '6 75E-03 g

3. 3.39E+01

9.27E-02

r

re,

e'

t!,
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Unit. Tost.on Concontration Units timels15

( -

.,.

-4PEST 14 L _.

1. 'CALCULATEJNg MOLALITY OF CaBri IN A SOLUTION CO4TAINING 69.00 GRAMS t,

f 0

OP WhTFR IN .7.13 CRAMS OF

2. A SOLUTION IS PREPARED BY DISSOLVING 55.80 GRAMS.OF DaC1i IN
FNOUGI, WATER TO FORM 1 LITER OF SOLTTION. THE DENSITY, OF TarS-OLUTION

IS 1.22 C/ML. CALCULATE THP MOLE rRACI1I0N OF WATER iN THIS SOLUTION.

_MDENSITY OF A 1..98 M SOLUTION'OF CrC1
IN WATER TS 096.G/ML AT 20 DEG c.
CALCULATE THE WEIGUT.PMENT OF THE SOLUTICN.

r
.

,

4. FIND Alt VOLUMT IN LTTERSOF 0.117 M 0(K:13-SOLUTION
THAT CAN BE PREPARFD FROM 39.50 C OF Ped13.

t

TEST 11V:

1. 5.31E-01

4.
Sc

2. ,9.96B-01

3. 2. 62E*0.14

2.08E+00.
t.

19

6



t,

Urit.Tost .on Concentration Units timex15 min..

15

FIND THE MOLARITY OF, A SOLUTION PRBTAPED BY 6ISS-OLVING 3.49 G
OE !<;,Cp07 TN A TOTAL OF,325 ML, OF SOLUTION.

k.
2. TT Ti DESIRE!? To P'REPARE Al-SCLUTION OF NaC103 IN. 214 ML OF WATER

SUCH "HAN TUE MOLK FRACTION OF NaC103 IS, EQUAL' TO 0.0437, .

90W MANY4nRAMS OP NaC]'03 APE REQUIRrn?

3. CAI(.11L.ATF TUE MOIALITY OF CaBr2 TN A SOLUTION CONTAINING 100.00 GRAMS
OF WATER IN 2.73 GRAMS OF CaBro.

4

4. THE DENSITY,OF 56.0 PERCENT (NH4)3PO4 SOLUTION IS 1.15h G/ML.
WHAT WEIGHT AND WHAT VCIUME:OF TUTS SOLUTION WILL CCNTAIN
n4 GRAMs or (N,14)-004 ?

TESTp 15

1. 3.65E-02

2. 5.79E+01

3. 1.17E-01

150.00 p4.129.76

.

9

s.

\' ,

?:4

"t
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Uni t Tost on Concent rat ion Units time=15 'min.

T , 16

1 THE DENSTY Or 0 0.45 M .S_C.1.1iT1tN OP A nC12 IN WATER
IS 1.030-G/ML AT 20 -DEG C. CALCULATE THE. MOLALJTY OF THE SOLUTION.

2. 0.35H -MOLFS OF K7CL-707 IS DISSOLyED IN ENOUGH WATER
TO FpRri 1 LITFF OF' SOLUTIGN. WHAT IS THF WEIGITT PERCENT.OF
WATER IN TUTS SC1 UT ION WHOSE DENSITY TS 1.416 G/ML ? -

r

3. FIND THE VOLUMF IN FTERS OF 0.516 M (A003).2 SOLUTION
THAT CAN- RF PPEPA-RED FROM 58.50 G OF C14N0111-.

4 CALCULATE T4E MCLE EF ACTION- OR Cd (NO3) 2 IN A SOLUTICN- CONTAINING 37.8,0 G
'OF Cd (NO3) TM 61c1 .0 GRAM'.§ OF WATER.

;,.

el

TEST 16

1. 4.60E-01

9.26E+01

3.

14,
t, 4 . t1.E - 03

0.

0.

1.
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4,rit Tf.st on Concentk.ration,Units time=15 min.

17
'1. riu DENSITY OF A .C.42 M SOTUrICN OF K103

TN wIrEn TS 1.V14 G/ML AT 20 DEG C.
CALCW,ATE THE WETWIT PERCENT OFJUE SOLUTION.

wt. 1

..2. CALCUL ATE THK. MOT-U. FP ACTION OF K2Cr.207 ItrA SOI.U'DKN 'CtNTA-I,NTN6 33 .90 G
OF K 7Cr707- IN 971.1.; 711AMS ' OF WATPR.

.:,
. / . r

3. .. II:' :A SOLUTION OF DENSITY 1 Oa T (;/Mi... IS 'PREliAR Fr 131' DI SSOL VI NG -'24`5
OF Na7CO3- IN SNaITGH 4,iATER TO FORM- 1 T.T TER CF S,OTATICN,
WIIAT WOULD RE,THE MOLALITY Oy NaiCO3,.
TN TUE S0LUT19N? , t

4. TO WHAT,TOLUMr (ML) MUST 2.52 G OF cd(No3) ?

PE DILUTED TO Mrkg'A. 0.846 M SOLUTION ?

,

r

TiST 17

1. 8.73E+00

2. 2.13E-03

1. 3.99E-01

4 19E+01

52.

et

I.

0
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TrEgT 18
-- 1. HF 'DENSITY OP A 0.C5 MI.SCLUTICN OF AgNO3

IN WATER IS 1.C70:'6/ML AT 20 DUO C.
CALCULAT THE WPTGHT PFWENT OF THE SOLUTIC4.-

h

":

Unit tost on Concontration Units time=15 m n

or .

7

2. T1iF DENSITY OF A- 0.23 M SOLUTION OF FeC13 TN WATER-
.'IS 1.048 q/ML AT 2r DE C.'CALCULATF THE MOLALITY OF THE SOLIMIoN.

3. A SOLUTION 1$ PPFPARF BY DIssoLVIWG 13200 (otos h4-1(Br TN
,ENOUGH WATER TO FORM LITER OF SOLUTIcN. THEJUSSITY Of THE SOLUTION
IS 1.30 GylL. CALCUpfit THF MOLE FRACTION OF WATER IN,THIS SOLUTION.

4. WHAT IS THE MOLARITY OF A 3.29 PERCENT SOLUTION OF KMn04 ?

THF DENSITY OF THE SOLUTION IS 1.012 G/ML .

0

4

tl

a

A

A

TEST , 18

1.031401

.1. .3. 9.:81V-01
ft

1

)

,/

cl

I



TEST 19

1.

1,)
.-onit Test on concentrationnits tirseTr15 timn.

-,"

.
1. IT .VESTRE6 To PREPARE A SCLOTICN 465 111,'.01, 4.ATKR

SUCH THAT VIE re'LE FRACTION or nad.1.2 IS EQUAL TO 0.0056 .
elqW MANI, (RAMS nE PaCir ARE REQUIEM)?

2. :ALCULAtE. THE NUMBER OF MOIffS OF CA(NO3), ML'hr C..796 M Cd (N0,0 2
'1J. A .',01,1TION IS PR4PAREV HY DISSOLVI.NG 52.'50 6 op .Ni (NO3)' IN ENOUGH' WATER

TO. FORM .1 LIT TF 0.F SOLUTION. *Me DERS,ITY _O.F.T E SaLUTIO.N _IS_____,1:.059M-L-.-
,

CALCUL EAT THE WE IGHT .PERCENT OF WATER' IN THIS OLUTTON.
P. lat

calc(JLAT,E THE MOLALITY OF NaC103 'IN"A' S1LOTICTN CONTAININ% 16.00 GRANS..ne WATER TN 5 . 0 14 GRAMS OF NaC103.

e,

Oa

TEST .)9

1. 3.0.3E+01

2, 7 24E-02
.4 .1 r

IF

3. 9.50E+01

2.96E+00

t"ti '4,

6
1

I)

,

.1.,

-1)

"zt

y

It

t)

gy:

11'
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Unit Test on Concentration Units time=15,min.

H-T-EST 20
!. FIND THE 'MOLAPITY OF A SOLUTION-PREPARED BY BISSOLVINO

OF Na2CO3 IN A TOTAL OF 358.ML OF SOLUTION.

2. THE DENSITY OF '71.2 PERCgNT BaC12 SOLUTION IS 1.171 G/AL.
WHAT WEIGHT AND WRAT VOLUME OF THIS.SOLUTION -1,LL CONT'AIN

72 t;RAMS OF BaC12.?,

3:07 G

'w7"4"11,1r11$17,

IF A SOLUTION OF DENITY 1.265" G/ML IS PREPA Eb BY DISSOLVING' 15.5 G \
oy KI03 IN F.N6U0 WATER TO FORM 1:LITER OF SOLUTION,
WHAT WOMO BE DIE MOLALITY OF KI03

J ..,"?IN THE SOLUTION?

4. A SOLUTION IS PREPARED BY DISSOLVING 128.10.GRAMS OF NaC103 "IN
ENOUGH-WATER TO. FOPM 1 LITER OF'SCLUTION. THE DENSITY OF THE SOLUTION
IS '1.12 GiM.L. CALCULATE TUE MOLE: .FRACTION OF WATER IN THIS SOLUTION.

%

\ V.

'rEST 20

1. 8.10E-02

2. 101.13 G, 86-.35 Mt.

3: 5.79E-02

4. 9..79E-01.

.

es,

f


