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SUMMARY of 21
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, .Module No:
. Module Title: ., .

. _
. ,

..
. .

'Free Carbon Dioxide
. ,.

,

. .

.
. .

Submodule Title: , ,..
.

'.
.

.Approx. Time: , /
. .

J4? ,.

.

/
.-- .

4.0 hOurs : .
.

Topic: .
.

.

.

\Summary '\,

.

.
r .

Instructional Dbjectie: . . ,

Upon compleliOn of this Module the participant shoUld be able to: '`---..-

1. Determine the pH, teffiperature, and filtrable residue.
content of a'watersample.

.

2. Calculate free' CO2 level by the nomographic method.
,

n( -----3. Determine the free CO2 -level lly the titrimetric ethod

. o
i (

1
,.

,. o

. 4
....-

,

../

0

.

Instructional Aids:

Transparency CD1 -.4D4- Surface water videotape
..

404

) '

-
.

i
I

.

,

.

.,

. ..

.

.
.

,

.Instructional Approach: .

Lecture', demonstration, disyssion,,,laboratory practice, videotape
11.riewing.'

. * ,
.

. .
. .

.
<,.',References:,

. .

. 1. Standard Methods fox'the Examinatibn of Water and Wastewater,
14 edition.

. ,

2. Operator!s.manual for pH'meter.
,

. ..
.

1
.
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Approx. Tithe:

. 0.5 hqurs

Module Title:'t

Free carbon Dioxide

. -

-Submodule'Tiya:."°f*

Toplu:
.

Chemistry.df dissolved CO2

Instructional Objective:

Upon completion'of this module the participant will be able to:

1. Describe hArfreeCO2 is'related to corrosion and
,water hardness.

2.1J.st the three forms of CO2 in water.

3,..Qualitatively relate the three forms. to pH.

Instructional Aids:

-TraesparenCy CD1-

,Instructional

ree forms of CO
2.

and-pH:,)

proach:

Lecture /disc sion'
0

References:.

Standard ethpda, pt 293:61-63.

Class A sigAments:

4
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Module No:

. CD

Topic :,

Instructor Notes:

Chemistry of dissolved CO2

Instructor Outline:

Transp
*-
arency CD-1

Forms of co2 and pH

4

^

..

1. The gas, carbon dioxide reacts with,pure;
water .to form carbonic acid which will
lower pH, CO2 may react with CaO and
other metal oxides to form CaCO3 and
other carbonates. Since CaCO3 is tmly

-slightly so1uble,the free CO2 level \add
pH will determine-the amount of hapdness
which will precipitate and whether a
protectiVe CaCO3 coating will be .in *ate
mains.

,1

2. Forms of tO2
a.. H2CO3=CO2+H20(Free CO2)

-HCO3- bicarbonate

c. CO32- carbonate's

. pH and CO1
a. low pli,H2CO3 -

b. intermediate pH,HCOi

`f c. high pH,CO32

,

I
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Module No:

Approx. Time:

0.25thoul"

,gage 6 of 21

Module

Free Carbon Dioxid1_,
1°

Subniodule Title:

Topic:
/. Safety

Instructibnal Objective:.
(7-

_
Upon completion or this' module the participant should 1:01 able to:

1: Locate the following in the Jaboratax;y and demonstrate
'proper use: emergency shower,fire eXttnguisher,eye
wash, first aid

)

2. Select and use safpty glasses, lab coat or apron and
gloves in appropriate situation.

. ,

3. Describe hazards involved with the chemicals, used in
determining CO2. , A

1

fnitructional Aids:

Laboratory safety rules hanUout... 7

Instructional Approach:

kLecture/demonst tfon

4

References:

. Basic ltboratory skills module.
1'

Cl4ss isSignments:
I



Module No:

CD
---1
Inttrudtor Notes:

Topic:
sp.

Safety

page:7- of .21

Instructor Outline:1

C

#*

.

. ,

1. Point out to.students the location of
various safety devices and their use.

1 2.
e

Safety glasses should be worn,during
the preparation, of reagents and during
titrafi n.

.=

.

3. The Na2CO 3.
so/uiiohs are bisic and.may.

cause chemical burns. v

.

/
a

7

4
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Module No:

Approx. T.ime:

.5 hours

page 8 of 21

Module Title:

Free Carbon Dibxide

odule Title:-

.PrIncipies of CO2. measurement

. Instructional -Objectiye:'
7t <

, ..
Upon'cdmpletion of.this module the participant-should'be a45,3.'e to:

, c
1. List two methods for determining free CO,.

.
CO2.

.

.2-. List data needed for nomographic determination, of ,CO2.

3. Describe qualitatively the titrimptric method of CO2
determination.

Instructional,,Aids:

Surfade water analysis videotape.

0

Instructional ApProach: -

Lecture,.discussion, videotape viewing .

f

Reference;:

-Standard Methods,' pp. 293 - 301.

Clasa Assignments:

ti

0

f.
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Module No: Topic: 4

CD 'd Pr nciples of CO2 measurement

Instructor Notes: Structor Outline:. 1

Sttface Water analysis
Video tape 7 middle sec-
tion

J

4

4 Show video tape - answer'questions

2. Methods
a. nomoqraphic..,

titrimetria
./*

3. mbgraphic data
temperature

b., pH
c. total filtrableCresidue
d. total alkalinitx,

I

4. Ti.tra ion:
The H

2
CO3 is consumed completely and .

conyer -d to HCO3- by each mole of. NaOH

oY Na2 '

9

(
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Module No:

Approx. Time:

0.5 hours

0..

.Module Title:

pages 10 of 21

Fee .Carbo'n`Dioicide.
e .

SubmOduletTitlel

Topic:
. -

pH measurement

Instructional Obj712e'

Upon completion f this modufe theparticIpant should be able td:.

3
( A

J1. Describe the function'of,te pH meter; ,

2. Properly standardize the pH meter. .

.
.

,

3. Determine the pH of a solution with a pli'meter.

fnstrational Aids:

Transparency CD2 - Diagram of pH meter.

4

Instructional Approach: #

Labo'ratory practice
r

References:

Operator's manual for pH meter used-.

;

ClaspsAssignments:

, (10
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Moddle No:

CD..,
lkstructor Nopes:

liage 11 of 21

Topic :

pH measurement

Instructor Outline:-
. 4*

4

Transpa'rency CD -2
Diagram of ph meter-.

\

1 Point out parts of pl-Cmeter
1'a.

b
me er_i
calibration knob .,

c. . electrodes
1f

2., Standardize against 'pH 7 buffer

3. Measdre pH of any water solution

N.

.1

4
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Module Not

-\4

Abproe Time:
-

0.5 hour

" Module Title:

FrPe CaOpon'Tioxide.

Submodule Title:,

-

.

Filtrable Residue

,

'Instructional Objective:
.

., . P

'Upon completion of this module the'
.

participant should be able o:
.,, ... . 4, ..I

.
,... .

1. Determine the concentration of filtrable residue'ip a
.A.' water sample.I

0006 '',

2. Differentiate between)ffttrable and ii'bkiltrable 'residue..

m,/
Instructiorial Aids: J.

-Transparency CD3 - filter apparatus

.

Instructional Approach:

Laboratdry- practice -

.References

')Standard Methods p.92

t

't

O

01,:f

-

r

Class Assignments: c

4
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Module No:,
CD

Topic: /

Filtrable residue

nstructor Notes: Instruator Outline:

I.

Transparen D-3
Filter ap rat

. ,

1. Xiltrdble residue :
.

a.c) filter sample.through fritted glass
. b. evaporate filtrate to dryness
c. weigh residue .i

d.- mg/1=mg residue/liters of sample -.

&.

2. Residue:
'a. filtrable - dissolved

*.non-filtrable - suspende1

4



'Module No: ,

Approx. Time:

0.25 hours

Module Title:

Free Carbon Dioxide

Submodule Title:

Topic : 1-

Nomograh Method
4

.Instructional /Objective:
)

Upon completion of this module the participant 6fiould be able to:

,1.' Determine the free CO level` of a water amp16 from
pH, residue, temperat3re apd total alkalinity using a
nomograph.

2. Determine the vatious types of alkalinity from' pH,
residue,, temperature' and total alkilinity.

-

-Instructiondl Aids:

:;

Transparency CD4- Free CO2 Nomograph

1

at

Instructional Approach:

Lecture/discussion. .

'Tv
References:

Standard Methods p. 294 -298.

10. v

Class Adsignments:

14

9



page 15 of 21

Mb'dule No:

CD Nomograph' Method

Ipstructor. Notes: Instructor Outline:

.Transparency CD-4
Free CO

2
Nomograph, ruler'

S

1. Describe steps in tising nomograph by
using data as. follows:
a. align temperature, 25 C'
b. total filtrable residue, 200 mg/1

determine P1
d. align pH, 7.5
e. bicarbonate alkalinity, 200 mg/1
f. determine P2 .

g. align Pi,. P2
h. read /1CO2: -

fr-

2. The same procedure should be used on
itheir data from residue, pH, and alkali-
nity determinitions:

3. Point out that the forms of alkali4tY
can also,be determined by nomograph given,
pH, temperature, total alkalinity,
residue.'

15



Module No:

Approx. Time:

0.25 hours

Module title:

Frge Carbon.Dioxide

-page 16 of-21

Submpdule Title:

Topic:

Preparation of. Standards and reagents

"Instructional Objective:.'.

Upon completion of this module the participant should be able to:

1.PrepareastandardNa2 M3 eolutionforfree-CO2 dOtermination.

2. Properly collect a water sample for CO2 analysis.

,

Instructional Aids:

Instructional Appr4ach:

LaboratOry practice

References: ;

Standard Methods p. 298-300.

t-

.ty

Class Assignments:
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Module No:'
CD

Topic:
Prepaation of standards, and reagents

instructor Notes: Instructor Outline:

.1.

1

i.
.

1. Na,z CO
3

solution:

2.407 g dissolved in wate ,

bbiled
to make 1 liter.
yd water should be
Na

2
CO

3
should be dry.

r

e

4

1. 0,0454 N' Na,,CO. prepairation

2. Collect sample, in 5,00.m1 Pyrex, bottle -
no trapped air. Syphon sample into
graduated cylinder with overflow:

rk



Mo ulie No:

rox. Time:

5 hours

`Module Title:
4

'Prep Carbon Dioxide

SUbmodule Title:

Topic :

Titration and calculation of CO
2

I structional ,Objective:

Upon completion of this module the Terticipant'should be able

1. Yitrate the sample with standard base to a predetermined
end point or inflection point.

2. Calculate' the..conccntration of free CO
2data.

e1'

from titration
t,

3. List precautions to to taken in CO2 atalysis,

`Instructional Aids:.

s."

Inst;uctiontil Approach:

Laboratory practice

Refereq.ces:

'8tandard Meiheods pp. 298-390.

Class Assignments
4,

18



Module No:
CD

Topic:

Instructor-Noted:

page 19 of 21

Titration and calculation of CO2

Instructor Outline:

*

Titration
al add 5 drops phenolphthalein
1?. if solution'turns red - no CO

2
c. if colorless add Na2C01 solution

from a buret, stir wip glgss rod
.untfl pink color persists, record ml
"NalCct.4 used

d., repeat but run in entire ml Na9CO3
frolt:c. above. If necessary aad,more
titrant to end point.,

2. Calculation:
a. red immediate) CO22=0

b. mg/l(002)=(ml a
2
CO

3
)X(.0454)X22,000

ml sample

3. Precautions:
a. gla'ss-wear'must be 4ean and fred of

acid or base residue(k.-
b. titrate rapidly to prevent loss of

CO 7 to the atmosphere uring
tiEration't

ti

.

4. ,
1

\
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Exam Questions

-,Free7Carbon Dioxide
ChemistrY of Dissolved C

1. If carbon. dioxide is ssolved in distilled water will the
solutibn be acidic or asic?

page020.Of 21

2. Three.. forms of CO2 in water are free CO2, bicarbonate, and
4

3. At extremely high pH, CO2 is mostly in the form.

Safety
4 r

4..° Chemicals splashed in the eye can be -removed at the

5.
hands.

6. Na2CO3 will

willwill prevent the spillageof chemicls on the
AN

t "burn" when spilled on skin. True or False

Principles- of CO2'Measurement

7. Two methods of determining free CO2 are the nomographic method'and
the tlethod.

8. The following data are needed for the nomographic method: pH,
alkalinity, temperature, and

9. At the end point of the titrimetric method, all
will be converted to , ion.

pH Measurement
4

10. The pH meter measures

e .free CO

tl.' The pH meter is-standardized wi a s solution.

12. TheH of the solution is read on the of the PH
meter.

Filtrable Residue

.3. A 50 ml sample contains 1.2 grams of residue. Calculate the
-44. concentration of residue in mg periater.
e

14. Does filtrable residue iziekude dissolved salts?'

Ii7smograph Method

15. How many pivot lines are required for the.determination of free
60'1?

1

16. Besides free CO2, what else can be determined from a nomograph,'
residue, temperature, total alkalinity, and pH?

.PreparatAon of STandards and Reagentt

17. How should.the mater which isned for the preparation of titrant-
N



I

.4

be treated?

4

page ;21 of 21
I

7.

18. Why should care be taken to exclude air tromja sampleAaken.
for free CO

2
analysis ?'

.

.

Titration and Calculation of CO
2

19,.- What is the color change in the CO2
, r

-

20'. If 5.0 ilcif 0.0A54 N Na2Cp3 is, required` to .ttrate.a100'ml

:.
water)sample, what is the amicentratio4 CO2f do., in thelsample?

0
. .,

. .-,''21. Briefly describe how CO2 is prevented from escaping or entering
the water sample during collection or sampling.

°I

.
"r,'

4

,

21-

r-
(
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FREE: CO2
A (

EQUIPMENT AND SUPPLIES LIST
1

,70-,
0.

1. Free CO2 nomograph *for AM trgnsparency CDh
f

)
.

-, '..
o

2. thermometer 4

I

't

3. filter apparatus, filter flas k,,holdeT, glass pittelzFruciblt

14 nickel crucible

5. oven

6. analytical balance

7. pH meter'

8. pH 7 buffer

\-9L 'alkalirV.ty test kit

10. sodiuf carbonate

11. distilled. water.

',12. 2000 ml beaker

13. 1 liter volumetric flask

14. ringstand, ring, bunsen,buicrier

15. 2 = 1 liter bottle

16. 10Q ml graduated cylinder.

17. rubber (tubing

-'t

18. 'phenolphthalein indicator'solution

19. 25 ml buret

20. _glass stirring ro

O

O

V
-.°



Laboratory Procedure

Free CarttoribioxXde:

AL
I. Method ,

AA. Obt in a "free CO
2
" nomographtraAlpai.ency CD4 i.eprodu ed

V

.

as a hand-out), a ruler and the following:data for Your
i sample. . .,, . --

i. 1. temperature ' e , . ,,,9 , : ,
2; total filtrable residue : 4 ,,.--,,

3. .pH .

-.% II.' picarbonate -alkalinity;
B. Sample data

data 1 , 3
temperature . ' . 25 °C .,..1.4"5T' 12°c ', , e

total filtrable residue 700eg/1 ''0 mg/1 200 mg/1'
pH 81:5" ., 7.0 : 6.0 '- -

bicarbonate alkalinity 300 mg/1 10"mg/1 2 mg/1 .,\

C. To use nomOgrO, (also:- copies.of the nomograph and nomog aphs
for alkalinity may be obtairted. from-TheAmerican Watert,Wor is
Association, 666 Wst'Quincy'Ave, Denver, Colorado 80235)
Align temperature and total filtrOle residue which determi es?'

,
P. point on line. 'Aligh pH aria'Acarbonate alkalinity
vifiich determines P2 on line 2. Align, Pi and Pp and read
free CO

2
on each line. 'Using this procedure find free CO5' ...-. \

for sample data 1, 2, 3, and for the sample provided by tfie
student. . P

Ii., Titrimetric Method.
A. Prepare standard sodium carbonate solution. Add 2,407g.

Na CO 1 liter volumetric flask. Boil 1500 ml- distilled
water fo/4. 5 minutes; allow to cool. Fill the volumetric
fla to the mark with this water. Label as: 0.0454 N
sodium carbonate. Place in Elhgttle protected from
atmospheric CO2. . .

B. Collet a sample and.analyze as soon as possible after
collection by directing discharge ik%lbottom of collection

,Protectbottle. rotect from out-gassing or, -gassing. Syphon
. , sample into 100 ml graduated cylinder-allowing overflow.

Flick'sample to throw off 'sample above 100 ml rk.
C. Add 46 =10 drops phenolphthalein 'indicator. 'Add e Na2CO3

solutionto a 25 ml-buret. ,Record the initial b ret
reading. DroPwize,add Nai.CO3 to the graduated' finder
with stirring until a pink co/or persists for 31) econds.
Record the buret redathg. The difference in the t o ..

readings is the amount. of tiArant-added. \

D. Calculate the free CO level by multiplying the ml aoC5,
added by 9.988. Comm t on 'collection, storage, or th
irregularities.

....-

.

; 4

\
^/9

23
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Data Sheet fort/ Carbon D- oxidet/

.

I: NOmographic Method
Sample data

2
Free CO

2 mg/1 mg/1
0

mg/1

Data from sample tio
. - .-.. ...

temperature oc

Filtrable(residue . mg/1
,

.r.
pH

BiArboilAte alkalinity mg/1

Calculated free Cai mg/1

II
. -

Titimetric. Me hod'

:Sample no.

initial bui-et reading
I i

/- 4
.

final buret reading f
fil

ml Na CO' added ml (A)
.

#

2
.,,Free CO2 = 9.948A = 'mg/1

,

ml_

1 0

Comments:-

r'N

2 4

-1

V 3

D
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.TRANSPARENCY COI
Three forins of CO dnd pH

2

Carbo_n_ic ac ild( free CO:,)- low pH, acid. ti,

H
2

CO'
. 3 ,

I

J

6

Bicarbopeite- interrnedi ate ,,p

4

.10
1

HCO3-

Carbonate- hi gh pH,

J.

\

ey

as i c

/ 25-
/

neutral

.

ti
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stall clardi zat i o

a.

X26

4,

.

, TRANSPARENCY CD2
Di agram o f pH Meter

6 glass on d
meter

. reference or
s*ca 1 e , comb i-nation

/electrode

a
r

0

temperatures
coMpensair i on

.

r.

r*

4

r

a-

27*



'TRANSPARENCY CD3
,Filter.4paratus

c rbci b

hoFder
fritted glass filter,
crucible

vacuum

4---;fi I ter fl ask

4

to.
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4

TRANSPARENCY ,CD4'

Free CO2 Nompgrapi
41

4

?9

Pa

4.
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