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Residual Chlorine & Chlorine
DEINE!

Slide 2 It ain’t chloride!

It is important to keep in mind that there is
a distinct difference between chloride ion
and chlorine.

They are chemically distinct (CI- vs. Cl,).

They are functionally quite different.
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Slide 3 Chlorine and its uses

Chlorine has one primary use of interest to
this course: disinfection of drinking
water.

Chlorine or hypochlorite (bleach, OCI-)
both act as disinfectants.
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Water reactions

Clz (ag+ Ho0 ) > HOCligg + H' gy + Clig)

Keq = 410 = [H*][CI[HOCI]
[CL]

HOCI is a weak acid:

HOClyq) <> H* (o) + OCleq)

=2.7x10°® = [H*][OCI"

(e" [Hocl] j

In order to be an effective disinfectant, you need
to kill bacteria that cause illness.

Kil=AC"t

Where:

A = effectiveness constant

C = concentration of disinfectant
n>0

C time j

Microbiology

Microbiology is beyond the scope of this
course. But, the important point is that
chlorine or hypochlorite are toxic to
bacteria, but they are not depleted by
their interaction with bacteria.
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Free chlorine

Cl,, HOCI, and OCI- are all considered “free
chlorine residuals”.

Why?
Because they all create free chlorine in water:

Cly agt H20 ) > HOClyqy + H* o) + Clgg)
OCI (4 + H,0(y > HOCl(y) + OH o

J

Testing for Free chlorine

Guess what?

It's a titration!!!

.

lodometric titration

What do you need in order to have a
titration?

1. Areaction

2. An indicator that the reaction has
occurred.
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lodometric Titration

Cl,+2I—>1L,+2Cl
How would you know this reaction occurred?

1, complexes with starch to form a blue I,-starch
complex.

So you can use starch as the indicator for the presence

of I,
J

Does starch help?

Well, not if you are titrating Cl, with I-

It will turn blue immediately and stay
blue...

So, we do a little backhanded trick. We
don't titrate the Cl,, we titrate the I, !!!!

- J

The Titration Reaction

I, +2S,0% - S,0s&+21I

This will eliminate the blue color as the iodine
gets converted back to I

All 3 reactions are relevant to the titration.
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The Big Three Reactions

Convert all of the Cl, to I,:
ChL+2I—-L+2CI

Indicator reaction:
I, + starch — I,-starch (blue complex)

Quantititative Titration:

\ I, + 2 5,052 — S,02 +2 I /

A sample problem.

25.00 mL of a waste water sample is
tested for residual chlorine using the
iodometric titration. 10.00 mL of 1 M Kl
is added to the waste water followed by
titration with 0.02450 M Na,S,0,. The
starch endpoint is reached after addition
of 18.54 mL of thiosulfate. What is the
residual chlorine concentration in the
waste water? j

Determine the net overall stoichiometry of
both reactions and then i,M,V, =i;M,V,

Or do it in steps, working your way back
through the reactions.
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Slide 16 Moles of thiosulfate added

18.54 mL * 0.02450 M Na,S,0, =
0.4542 mmoles Na,S,0; = 0.4542x103 moles Na,S,0;

0.4542x107 mol Na,S,0,* 1 mol S,0,%* 1 moles |, =
1 mol Na,S,0; 2 mol S,05*

0.2271 x10° moles I, * 1 mol Cl, = 0.2271x10 mol Cl,
1moll,

0.2271x10- mol Cl, = 9.084x10° M Cl,

KOZS L j

e T

You could have also just kept it in mmol
and then used mL in the last step.

Slide 18 Overall stoichiometry

Clh+2I—>1L,+2CI
I, + 2 S$,0.2 — S0 +2 I

2mol S,0,z* 1 moll, = 2mol S,0.
1 mol I, 1molCl, 1molCl,
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It's just one net reaction

i,M1Vy = i1M,V,

2* M, *25.00 mL =1 *(0.02450 M) (18.54
mL)

M, = 9.0846x10° M Cl,

- J

REMEMBER — WHAT IS THE CI,?

Remember free chlorine is not just Cl, it
includes HOCI and OCI- also.

How can this be?

It's all in the equilibria!
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Water reactions

Cla (aqt H20 ) <> HOCle) + H'eg) + Clieg)

Keq = 4x10 = [H*][CI][HOCI)/[CI,]
HOCI is a weak acid:

HOClig < g + OCligq

Keq = 2.7x10°8 = [H][OCI/[HOCI]

J

Chlorine Demand

Chlorine demand is a measure of how
much chlorine is used up during a given
contact period with the water.

The idea of “demand” is one that will recur
within this course.
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Chlorine demand

Chlorine demand = chlorine applied —
chlorine left after x time.

There will be different demand numbers:
Chlorine demand (1 day)
Chlorine demand (1 hour)

Etc.

J
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Determining Chlorine Demand

If I want to calculate the chlorine demand, | need
to do a controlled experiment.

Obtain a waste water sample.
Add a known amount of chlorine (or
hypochlorite) at a known time.

Wait for a given time.

Titrate the chlorine concentration remaining.
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250.00 mL of a waste water sample is
collected. 2.8 g of NaOCl is added to the
waste water sample which is then
incubated for 5 days. After 5 days, 50.00
mL of the waste water is removed and
25.00 mL of 0.5 M Kl is added. The
sample is then titrated with 0.01234 M
Na,S,0; The starch endpoint is reached
after the addition of 25.63 mL of

||

Basically just a free chlorine titration. BUT,
we care about the “missing” chlorine not
the actual chlorine present.

The titration determines the remaining free
chlorine residual.
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After 5 days, 50.00 mL of the waste water
is removed and 25.00 mL of 0.5 M Kl is
added. The sample is then titrated with
0.01234 M Na,S,0; The starch endpoint is
reached after the addition of 25.63 mL of
thiosulfate.

- J

e

i,MVy = i1M,V,

2*M, *50.00 mL =1 *(0.01234 M) (25.63
mL)

M; = 3.163x103 M Cl,

Qﬂs is what's LEFT! j

R )
3

250.00 mL of a waste water sample is
collected. 2.8 g of NaOCl is added to the
waste water sample which is then
incubated for 5 days.

N J




Slide 31 So the chlorine demand is:

0.1504 M Cl, initial — 0.00363 M Cl, left =
0.1468 M Cl, demand

kHuge number j




