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1. Consider this coffee cup calorimetry experiment:

a. 100 mL of water at 86.0°C was poured into 100 mL of water at
calorimeter, and the temperature of the contents of the calorimete
53.5°C before beginning to fall to room temperature. Calculate the
the calorimeter. (The density and specific heat of water or any aqueous solution can be
assumed to be 1.00 g/mL and 4.184 J/g°C, respectively)

23.5°C in a coffee cup
r equilibrated to
heat capacity of
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b. 100 mL of 2.00M acetic acid was added to 100 mL of 2.00M NaOH at 23.5°C and the
temperature of the solution equilibrated to 36.3°C. Calculate an enthalpy of neutralization
for acetic acid, using the calculated heat capacity of the coffee cup.
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2. Calculate the enthalpy of formation of acetylene using Hess's Law:

2C(s) + H,(g) — C,H,(g)

Given:

2C,H,(g) + 50,(g) —> 4CO,(g) + 2H,0(l) -2599 k]/mol
Cls) + 0,(g) —> CO,(g) -393.5 kJ/mol
2H, + O, —2H,0 -285.8 k]/mol
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3. ‘Give balanced chemiéa\éq;etﬁ)ns for the following: 1A 2/2 20 e LX}M‘

a. Dissolving ammonia (NH, gas) in water to make aqueous ammonia (also known as

ammonium hydroxide):

NH3t) v W10 ) > NWGOW (o)

b. Neutralization of aqueous sodium hydroxide with aqueous hydrochloric acid

\ ;_\\\ 5 \ a \ .
Nt ) * WO s = NoQliagy T 1,00y

c. Neutralization of aqueous ammonia (also known as ammonium hydroxide) with
aqueous hydrochloric acid

" 1 LY \ 1 a .
d. Neutralization of aqueous ammonium chloride with aqueous sodium hydroxide

NHg Q) * NatH o) > Nath ey + W 24 H caxry

You will need the chemical equations from pre-lab question 3 for post-lab question 1. Fill
them in on post-lab question 1 before you turn in your pre-lab questions.
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ution can be approximated as 1.00 g/mL

Given: The density of water or an aqueous sol
mated as 4.184 ]/g+°C

Given: The specific heat of water or an aqueous solution can be approxi

Table 7.1. Finding the heat capacity of the coffee cup.

Trial 1 Trial 2
i
mass of room temp water O\
mass of hot water 20
emperature of room temp water 22.4°€
temperature of hot water water 1.5
: s N A
final temperature 100 "
Trial 1 Time {sed) Temperature Trial 2 Time (sec) ’ Temperature
After mixing L After mixing
-7 1 -
a 45.9 X
o 4% 9 60
= 35 . 90
2 - :} P M) 120
150 | 4s 0 150
1 4 0 180
210 210
]
240 240 ;
20 | 270 1
300 300 |
Czlculate the heat capacity of the coffee cup calorimeter.
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Table 7.2. Neutralization of NaOH(aq) with HCl(aq)

Concentration of HCI —:-M— Concentration of NaOH ,_ZM_—.—-
Volume of HCI _.50_“‘& Volume of NaOH __,fllm\_'

Moles of HCI 0.\ Moles of NaOH ___:QL_———————-—
Total mass of the solution WX 2%

Trial 1Time(sec) | Temperature Trial 2 Time (sec) | Temperature
. |
Initial temperature . Initial temperature
before mixing 124 C before mixing |
g A g
After mixing After mixing !
|
2 o]
30 ~1. % C 30
80 a1 R° L 60
QN . ~N ¢, 90
" 3N.: L =
_ -~ °
20 2904 120
51, 2°¢ 150
180 180
3 210
240 240
270 270
300 300
Final temperature 7. ; Final temperature
Calculate the enthalpy of this reaction (AH, ., .,))
O — e s‘j’ x CT ‘ AH - —l x
o ? 4 / | {
- - 4 o "
q = :o-*""‘“f"' o v 9¢ | %>,
b = 2¢
- ; il - \ = ¥ L2726
qQ = v22H. T L AT 2
0.} ma

=" l2.2a2 o ?
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Table 7.3. Neutralization of NH, (aq) with HCl(aq)

. : -5 A
Concentration of HCI ’Zk{; Concentration of NH,(aq) P
Volume of HCl _¥H)D m| Volume of NH, (aq) _SHmt
Moles of HCl _ O, \ Moles of NH, (aq) ,_Q,‘_L‘_»—

Total mass of the solution _\_QQ%____

Temperature

Trial 2 Time (sec) | Temperature

Trial 1 Time (sec)

} Initial temperature - L\ P Initial temperature |
l before mixing | £~ ¢ before mixing N DR A
| | |
| After mixing ’ Afiermiding = | e
| 1 ‘
, ! | |
| 30 35.9 °¢ 0 ]
l {
A= <7, 60 |
| o B 9L e
i
o .1 L 90 M
|
2 2 G 120 '
i 351 = o ]
4 ® :
150 a5 b C 150
4
180 35 v} C 180
210 RN C 210
240 5\5 e cC 240
270 270
300 300
Final temperature 35. D Final temperature
Calculate the enthalpy of this reaction (AH, . . )
- bl ok
d - mx (g x AT AH'//(—’-

_ A : ’ h(NH4a)
{7 io < 0Tyl isgy |
: 0 S A 1

q =5k ol ?_7 | Mo\
i ‘ -\
‘:‘SLMO"Q \LF mo \
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Table 7.4. Neutralization of NH Clfaq) with NaOF{2q)

Concentration of NH,Cl(aq) VA
Volume of NH,Cl(aq) QD ol

Moles of NH,Cl(aq) __ D . \
Total mass of the solution __\ O/ 2[3

1

Trial 1 Time (sec) |

Temperature

Concentration of NaOH _ J():f,_,,

3 / v it
Valume of NaOH Eo 1O A3 S

Moles of NaOH _ 1

Trial 2 Time {sed) Temperatura

Initial tempersture |

Initial temperature |
before mixing =\ ~ before mixing v
After mixing After mixing _________,______.
{ [
30 23 . o 30 | e e
i |
2 O®p i
60 ~0 - {3 e l_ﬁ)___—_———-‘———‘/
5 {
-y Sy 0 i
” 25.0 C G e =
120 23 57°¢ |
|
150 B 150 ;
. 25, e
180 2 e 180
210 210
240 240
27 270
300 300
Final temperature 3.8 ¢ Final temperature

Calculate th
Vl’:‘f'- <« (o % LT
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OH -9

=-292.ley
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aOH-HCl and NH,-HCl to
hydrochloric acid. You may
d 7.3 to get them to add

1. Use Hess's Law and the class enthalpy values for the reactions of N
calculate the enthalpy of neutralization of ammonium chloride and
need to reverse or multiply the chemical equations from Table 7.2 an

up correctly:
1
Chemical reaction (Refer to the reactions that you Class enthalpy
value (kJ/mol)

wrote in prelab question 3).

AH= - b 182 r){ N‘b\

|
{
| 72:NaOH-HCl |

Nablh +AQ = aOtt B,0
' | | -Glp.o12k [ner
U 7.3:NH,OH-HCO “g‘;\ * Y0 N‘L{ bW » W AH= Bie- ¥y

AH calculated

= M i 1% A g \
| 74:NHO-NaOH [y 400> NaBN - Nunth & \Q\*qﬁ\lc by Hesss Law <

et

NA+Q 2 10 + Ruby 2 HoL —% g 00 * A0 * Nach +,0 BHU= -5y o
v -2 232

e ——

0. 274 kg fmol

Compare the enthalpy of neutralization of NH Cl(aq) that you calculated using the class values
for enthalpies of neutralization in question 1, with your experimental value. Explain any

I

differences between the values.

76 Thermochemistry: Acid-Base Neutralization



T —1 = \0q

LAER ;.o » S
{ =2 1l} _oroduced
—d -;’_-I r&ﬁ( nf\“\ ;:{ v M\

1 ¥énr ﬂon : I
__ NHDH; rm )~ > Nacy " Ha
L = _.,..J.,;:“ e i e . j k = \5'~\i L“"" -

—  Weak apsachord & Dy weted AZ' L9 l%J'/7 _C__L—-"LC bl 2

{ B Heod of reachonm AWz ¢ -SM0L2Y  ———
DA _incles R Dawr pm&um{j 5(.,6_0,\._2;; AL SR

A ot {LuinoON pee [;T-.:;\f, '5\1'012-_-5/{1,1’:_—

. \::-:.‘.J.ﬁ

L1 V0 gue) ” [ s P& Lo =% ‘H“qCHR@ * \\C[ggq} PARETEA - SRR R
, The hend of veolhon will he pdSihive, e SIg0 sl be Ch«.maf cLﬁ'O.m
Heck of Tearhon = > 5. 2 X g el i v ,
t NaDH ey 2 ﬂf’\\tf«q‘l * NH4 '“‘hc\q)_, [P Nty e

! 4} S BB RELLY
7

ot 117 k1 i 292 ‘x/nw\ : -W.2% K],Mul

J
it 5 5L CLESY ¥ 4
il e — R R S




'

\'., Lo ) L
A L ¢ )
>- V_v T r
ot Al
|
n N
A da . — 1 v‘
A = b 6Tk ' Yyl el Ellinol
< N
» W X
A —y \ E
= . . LG Nilgq L
, i - { HMY.v
. \ 13
— L e }
- —r. \ ¢
A\ > [}
. )
¢ L 8 \
= Y r

A iagl = g wd - S “T"‘-’\ = -0.04 ’-‘,";’/"‘/‘“.

[ma\ and ot

- DL ‘\‘T
J

LN L §.% Llve whien (g -D,
g r £ X A 2] e, The expenmental yalue Showg
2 ¢ \epn Sy A CLowve LAY \r i r"fi'-:)'dl'f—r'\,g,n"& =G

-




