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Experiment 11
12 November 2019
Enthalpy of Neutralization

H,O* (aq) + OH(aq) = 2 H,O(l) A

rxn




Objective: To use calorimetry to measure
the heat released by a chemical reaction.
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Today we will be measuring %
how much heat is released = The concept of measuring
when a strong acid and a heat transferred can be

strong base are reacted. extended to all sorts of
“;f;"s';.‘,. “ A e N e R T e S e T e S R e T s e S g TN S i tu a ti O n S.

Overview:
. The reaction and AH,, .

. Measuring heat, g, by calorimetry
. Data analysis and calculations

. Procedure: What we do today
. Your lab report
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1. The reaction and AH

rxn
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Here is a reaction similar to the one you are i
doing today. This is the overall reaction. If we "See how he made

: . . *+ +P
break the strong acid and soluble salts into ions, A" into ;077 He (e )
had to add a

water to the right
side to keep
things balanced.

H,O* (aq) + ClO, (aq) + Li*(aq) + OH(aq) =
Li*(aq) + CIO4'(aq) +2 H,0(l) AH

H30+ (ag) + OH(aq) = 2 H,0O(l) A
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1. The reaction and AH_, .

F 4 o wrin H wrirks %

Here is a dramatization of what the reactants *
are doing. What you see depicted here is the
ionic reaction. — the middle reaction on the
previous slide. Note that water is also a
product, but water molecules are not shown.

—>

We use about 60 mL of R{CIO, Clo,

g
.

(N
b

-

are
L5
3
-“f“« A

s ‘g:' $§
{g?’
Y

4 . Wi sy

both acid and and base. S %\éﬁ;

OH- Record the precise volume %;3‘3‘3:.::

Clo, OH- of the acid you used to +/- n,.:ﬂ"%
0.1 mL. Do the same for L “‘*f"i

the volume of base. - e
“'”%%5@»3%%ﬁﬁ%ﬁﬁ%ﬁﬁ%ﬁﬁ%ﬁﬁ%ﬁﬁ%ﬁﬁ%ﬁ

. . i

And hereare  HCIO ,(aq) + LiOH(aq) = LiClO,(aq) + H,O(l) i

the overall ’“%’é

6

equations

andnetionic | H,0* (aq) + OH-(aq) > 2 H,0(I) AH_,=? [
4
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1. The reaction and AH_,

S "-'Cx?%
T EEa e *fﬁ e

- : ‘”, 2 ‘”,
e '.a' -‘51_"“ e ’.& :
L e -3 (4

Your react/on will be one of these four —
the two acids are ~2.0 M HCl(aq) and ~2.0 &
M HNO,. The two bases are ~2.0 M | Four

NaOH(aq) and ~2.0 M KOH(aq). ~ combinations.

"F ‘w}’ﬁ ‘w}’ﬁ ‘w}’ﬁ ‘WP

A b A b e i L A b e i L A b e i L A b e i L A b e i L

2. HCl(aq) + KOH(aq) = KCl(aq) + HZO(I) Aern=
.~ 3.HNO,(aq) + NaOH(aq) = NaNO,(aq) + H,0(l) AH,,,
4. HNO3(aq) + KOH(aq) % KNO3(aq) +H O(I) AH

Not much room for me here and the drawmg makes me look like a
spider! Anyway, in your lab notebook, write the overall equation for
your combination (one of the 4 given above), the ionic and net ionic
equations for your combination. Compare your answer with the other

pairs around your station. What do the net ionics have in common?
I S O e T e e s
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2. Measuring heat, g, by calorimetry
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o H,O* (aq) + OH(aq) = 2 H,O(l) AH_ =7 i
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Ok, pay attention. This That means q depends on
/Wi// be on the quiz. Heat ® the amount of stuff that\
is referred to by the ® produced the heat. For
symbol q- And qis an ° ® example, if we used 0.2
extensive property. moles of acid and 0.2 mol
base, we would make twice
as much heat than if we used

Here is the equation we will 0.1 mol of each.
use, where c is the specific
heat in units of J g* deg..

= sol’n xm

qsurr sol’n X ATsol’n

Info for And m is for

Introduction f..X. ... mass. FYI
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PRk

calorimeter! The
thingy sticking out of
it is the temperature
probe and it is used

.

The reaction
produces the heat.
The solution holds

with LoggerPro. We the heat and the
used it last week with calorimeter
the intermolecular minimizes heat loss

forces lab. g from dissipation.
7
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is the solution in the cup — E
errrr — calorimeter.
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SRS

You can call Dsurr SRR
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ResenmEetiratct

“Qear” OF “Qgopy —it's Z;«{;..., T | ~ “sol’n sol’n ol’n
all the same thing.  Fisff=ei Nz
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2. Measuring heat, g, by calorimetry

Temperature of reactions vs. Time

This nice straight
line that I’'m seeing
means there was

excellent swirling.
Temperature |
See how she is

swirling the

10000000 H

S solution

Opo———ooo| during data

[ ] .
collection?




3. Data analysis and calculations

FipERe e
- 4“ ‘T "‘.‘1
Nr;g;"
Here are the first ““' —
ﬁrsne Tom\;y)hc(zmuve

data pairs from
LoggerPro. You
can see thatT, ..,
=20.4 °C. See
when the
chemicals were
added together.

30

2
S
m

27 260 326
Th e th e 28 270 32;
280 25

chemicals were added
aperature

was 77 s, as measured )
'C

with the stopwatch
feature on a phone.

«4;38% x : [ ~
I o o o ;»&zi

T N Temperature of reactions vs. Time

This is how cooling
looks. We want to
know the temperature
before the heat loss
started. That will be
Tngr The temperature
we are looking for is in
initial the red circle.

I
200 400
Time (s)

There are two ways to figure out
Tinar Let’s find out about them...
You will need to know the exact time
when you added the chemicals

£ s :::‘ v, together and the reaction took p/ace
__..A.:..,::m*ﬁ,:n-"":.,::mfﬁ.:n-w..,::ﬁgﬁm-w..x* .

“
n.A.A

,1

10



3. Data analysis and calculations

p Display the
equation of the
s green line.

‘:—mn_-
28885883 o

Time (5)




3. Data analysis and calculations

LS One way to determine Ty, is to
place your curser right at the
intersection of the green line and the
exact time the chemicals were mixed.

The temperature displayed is T, .

P
K Tﬁwwi’freacnonsmm :

) This blue line
represents /7 s,
ﬂ the exact time
the solutions

200
210

327
230 327
240

= were mixed. T A
S ol m b final
A ~«‘ Temperature |
oC » N
Info for
calculations B s L

2%
AN

it TR SN

(-L

@
Here is T, from using the formula 3

a( h"B' g‘ v-m -3?., ;2"'3 ;2"'3 ;2"'3

Today, however, we will

use the equation of the

line to determine Tf,-na,.\

The TAs or Dr. Mattson

will help you display the
equation of the line

shown in green. It is:

Y 1A y -~
:«mi’-"gﬁggﬁui

i«tﬁiﬁ

temperature =mt + b
m(slope) = -0.003759 deg/s
b(y mtercept) 33.57°C

)
E 32 &85 S ¥

?

and plugging in 77 s for time:

-0.003759 x 77 + 33.57 °C
=-0.289443 deg + 33.57 °C

=-0.29 deg + 33.57 °C (sig f/g)

= 33 28 °C (Slg f/g)
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3. Data analysis and calculations

T, we can calculate

4., Of course we need to

know the specific heat and
the mass of the solution..,

From A
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and calculations

3. Data anal

FIX7Y,s

5

)
w

T e o AT Y
SR ey P 3 800 bR kb Sebad
g '

Densities of Our A % So000... 60.8 mL of the

HCl(aq) and 59.7 of the
0 M HCl 033 g
0 MHNO, 1.065g
OM NaOH 1
0 M KOH
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3. Data anal and calculations

= XxXm

qsurr sol’n

6121.497595
= 6120 J with 3

e //I'A a\\




3. Data analysis and calculations

¥ *

At ak ol
ns'l.w-;-r.-gc1
a0l
B i i

D e it

Sy 12 e A

- e .

Ok, let’s pull up here for
a second and think
what this means. Our
coffee cup calorimeter
collected 6120 J of heat.

] XxXm

surr ~ “*sol’n n

We used ~2.0 M acid and ~2.0 M base.
Would we have collected more heat if we
had used 30 mL of 3.0 M acid and 60 mL bl

of 1.5 M base? What else would have e
changed? (assume the specific heat is not h,
changed much)

M Zaree
Wt gi e R A gt , ol

o A= '
A y ! Y -
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3. Data analysis and caIcuIations

ﬁ{}qﬁ* 12‘ m 12‘ m 12‘ m 12‘ m 12‘ m 12‘ m 12‘ @if}jﬁ*
Zﬁ‘s + - =

. H,0* (aq) + OH(aq) = 2 H,O(l) Aern—

B

?’”5""&?‘”’ A ’g,j R S S O S O T S T

R So, the solution in the "

calorimeter collected 6120 J of We are getting close here. We
heat. This heat came from our & €90 almost calculate AH, then

reaction — which we haven’t :‘ff"@ﬁ‘é clean up and go home.

seen since Slide 7! The
calorimeter gained heat

Remember in our example how we used 60.8
because the reaction released | ) mL acid and 59.7 mL base? We will be given
heat. The mathematical the exact molarities of the acid and base.
relationship is pretty simple:  Suppose the acid was 2.040 M and the base
P was 1.962 M. Using n = MV, we can calculate

iy Qsurr = qreact:on the moles of acid and moles of base:

=2.040 mol L' x 0.0608 L = 0.1240 mol H,0*

ac:d o

- ': nbase =1.962 mol L' x 0.0597 L = 0.1171 mol OH- ;;gw%
T Y




and calculations

3. Data anal

* -l e
RINTW

See how the equation

features one OH? So

AH has to be for one
mole of OH".

7/ a\\

[P |

A
)

3

neutralization = qrxn / n LR

=N
% 4

-6120J 1x103
- So... isn’t that a

0.1171 mol OH| 1J lot of significant
figures?
= -52.27581208 kJ/mol ’




4. Procedure: What to do today

If your graph looks gooa
(meaning you swirled
without splashing stuff
around), you are done
after just one trial with
the experimental part.
Not so good? There is

time to try again!

Include all the calculations
shown in this presentation,
along with your calculation of

percent error from the
literature value..

We follow the procedure in
the manual, except for Step 5,
which should mention that
you need to record the time
when the acid was added.
See Slides 10 - 12 for how we
2 determine T In your conclusiony
) compare your AH
value with that of
another pair of
students.
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5. Your lab report

T P R g P VT o T g P vy g iy P v ey o

7 (D First, the cover page with TA initials.
@ Next, the trimmed copy pages from your lab notebook

stapled together.

@ On-line results due at the end of class today. Late i
submissions are not graded — see the syllabus.

@ Your LoggerPro chart attached.
(5 Turnin lab report today or before the start of class
tomorrow. Late labs may not be graded — see the syllabus. &

Dress for a mess — this week o0
and for Experiment 12!

L4 it
Stick people inspired by xkcd
cartoons by Randall Munroe
(www.xkcd.com)




