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Sources of C
hlorine

G
aseous 

C
hlorine

Tablet 
C

alcium
 

H
ypochlorite

Liquid 
Sodium

 
H

ypochlorite



Free C
hlorine

•
C

hlorine existing in 
w

ater as H
ypochlorous 

acid (H
O

C
l) or the 

hypochlorite ion (O
C

l-)

•
C

hlorine that has not 
com

bined w
ith 

am
m

onia or nitrogen 
com

pounds

Free C
hlorine

H
O

C
l + O

C
l -



C
om

bined C
hlorine

C
hloram

ines
N

H
2 C

l   N
H

C
l2    N

C
l3

•
C

hlorine (H
O

C
l and O

C
l-) 

reacts w
ith am

m
onia to 

form
 chloram

ines

•
The predom

inate species 
are–

m
onochloram

ine
–

dichloram
ine.  

•
Less dom

inant species
–

trichloram
ine or nitrogen 

trichloride



Total C
hlorine

•
C

om
bination of Free 

and C
om

bined 
C

hlorine



Free C
hlorine vs. C

hloram
ines

Free C
hlorine

C
hloram

ines

O
xidation Strength

Strong
W

eak

Volatility
M

ore
Less

R
equired D

osage
Low

H
igh

D
B

Ps
Yes

N
o



Free C
hlorine 

Q
uick C

hem
istry Lesson

•
W

hen gaseous chlorine is added to w
ater the 

follow
ing reaction occurs 

C
l2 + H

2 O
 ĺ

H
C

l + H
O

C
l

•
W

hen S
odium

 hypo is added to w
ater the follow

ing 
reaction occurs 

N
aO

C
l + H

2 O
 ĺ

N
aO

H
 + H

O
C

l

•
W

hen C
alcium

 hypo is added to w
ater the follow

ing 
reaction occurs 

C
a(O

C
l)2 + H

2 O
 ĺ

C
a(O

H
)2 + 2H

O
C

l

pH
 

pH
 

pH
 



Free C
hlorine 

D
issociation in W

ater

•
H

ypochlorous acid further dissociates depending on 
pH

 and tem
perature

H
O

C
l ĺ

H
+

+ C
lO

–

•
H

ypochlorous acid (H
O

C
L) is up to 100 tim

es m
ore 

efficient as a disinfectant than the hypochlorite ion 
(C

lO
–)



H
O

C
l is the m

ost effective 
disinfectant form

 of chlorine
•

<pH
 7.5 -free chlorine is predom

inately in the H
O

C
l form

.
•

>pH
 7.5 -free chlorine is prim

arily in the O
C

l-
form

. 

7.5

HO
C

l 
O

C
l -



D
issociation C

urve



H
ow

 D
oes Tem

perature and 
pH

 changes affect chlorine m
easurem

ents?

•
A

m
perom

etric analyzers m
easure H

O
C

L
•

H
O

C
L concentration is dependent on 

tem
perature and pH

•
The follow

ing slides show
 the affects of 

tem
perature and pH

 changes on the H
O

C
L 

concentration w
hich in turn affects analyzer 

drift.
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B
asic C

olorim
eter

LED
Fixed 

W
avelength

S
am
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D

etector



Lam
p

unfiltered 
light

M
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S
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D
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B
asic Spectrophotom

eter



B
asic Titration

S
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O
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A
m

perom
etric O

pen C
ell A

nalyzer



A
m

perom
etric Probe A

nalyzer



D
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C
om

paring M
ethods

D
PD

A
m

perom
etric 

O
pen C

ell
A

m
perom

etric 
Probe

C
alibration

N
o

Yes
Yes

A
ffected by 

pH
 &

 Tem
p

N
o

Yes
Yes

pH
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p

N
ot required

R
equires reagent

R
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 probe
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p C
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p

N
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R
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M
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W
hat have w

e learned?



Total chlorine is m
ore volatile 

than free chlorine, but is a 
stronger oxidizer

True or False



Total chlorine is m
ore volatile 

than free chlorine, but is a 
stronger oxidizer

False



In drinking w
ater, total chlorine 

is form
ed w

hen ______ is added 
to the w

ater prior to entering the 
distribution system



In drinking w
ater, total chlorine 

is form
ed w

hen ______ is added 
to the w

ater prior to entering the 
distribution system

am
m

onia



C
hlorine is added to w

ater in the 
form

 of ____, _____ and ____.



C
hlorine is added to w

ater in the 
form

 of ____, _____ and ____.

gas, liquid and solid



A
 basic colorim

eter typically is 
capable of producing how

 m
any 

w
avelengths



A
 basic colorim

eter typically is 
capable of producing how

 m
any 

w
avelengths

one
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m
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etric chlorine probes 
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easure H

O
C

L, O
C

L
-or both



A
m

perom
etric chlorine probes 

m
easure H

O
C

L, O
C

L
-or both

H
O

C
L



D
PD

 chlorine analyzers m
easure 

H
O

C
L, O

C
L

-or both



D
PD

 chlorine analyzers m
easure 

H
O

C
L, O

C
L

-or both

both



A
m

perom
etric probe chlorine 

analyzers are m
ore accurate w

hen 
the pH

 of the sam
ple is below

 
____ and is ______



A
m

perom
etric probe chlorine 

analyzers are m
ore accurate w

hen 
the pH

 of the sam
ple is below

 
____ and is ______

7.5 and is stable
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