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Calorimetry
Calorimetry: experimental technique used to measure the change in _£1 ﬁ(‘g g of a chemical reaction or phase
change.
1. Putachemical reaction or phase change in contact witha __ o\'\‘g( bath.

2. Measure the change in temperature of the water bath and then calculate the energy gained or lost by water.
3. The energy change in the water is EQUAL and OPPOSITE to the heat change by the system!
a. The system can be an object, a phase change, or a chemical reaction.

=> energy gained by calorimeter = energy lost by the system
du,0 = ~Yobject OT — Qrxn

+[mCAT]H20 = “[mCAT]object or — [mCAT],.,
2 Remember the specific heat of water: __4.184 TI/:\"C/ (of ””%)

TQ = T‘Qin el 2 AT = Ts - Ti. When thermal equilibrium is reached, BOTH the water bath and the object/reaction

T _T:akial will have the SAME final temperature! T-F (H-;,OB = TQ (_o‘oj ac’()

Warning: Experimental Error with Calorimetry!

e We assume in the above equation that ALL energy lost by the system is gained only by the W ﬂ‘k‘@f ,
but that’s not true!

e The calorimeter (container, usually a cup) can also 0\\73 oro heat (which means the calorimeter has a
measurable heat capacity!), or heat can be lost to the air.

e Both of these errors would lead to a calculated heat (qg) that was \L than the actual heat exchange.

Types of Calorimeters:

1L; C OQQE.C cup calorimeter: coffee cups are commonly used as insulators in intro chemistry classes to
measure temperature changes without a substantial loss of energy to the surroundings (they can be VERY effective!)

2. %OT"‘\D calorimeters are used at the professional level. Bomb calorimeters provide greater insulation and
reduce heat loss to the surroundings (thus minimizing error).
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1. A5.037 g piece of iron heated to 100.°C is placed in a coffee cup calorimeter that initially contains 27.3 g of water at

21.2°C. If the final temperature is 22.7°C, what is the specific heat capacity of the iron (J/g°C)? The specific heat

capacity of water is 4.18 J/g K. + CL _
H,0 1¢e

(223 4)(4 ua,T X22.3°-21.2°0) = - (5 o3#9 €, Y223 -100.5¢)
e R S

. 5 /
25l (LEC #723°C ] 204!

— Al

(22.3) (418 LS) oy =
B . ¢
e (-S.639)(-#.3) J-

2. A 376 gsample of gold at 400. K is placed in a coffee cup calorimeter containing 50.0 mL of water at 300. K.
Determine the final temperature of the water (assuming that no heat is lost to the surroundings). The specific heat

capacity of gold is 0.128 J/g°C. ~
+ = -—
1 H, 0 TAu

i
(5004 Y412 ;:——C)(T 2 -300.K) = = (3¢ 9)(0.128 j-::c,)('l} ~400. K)

209(Tp -300.) = ~'18.[28 (T, ~4o0.)
3s5.f

ZOﬂij ’GZJ?'OO = .-L.IB‘I,ZB—E: + IC]JZS].Z

252128 Ty = 81351.7

Bl,15(.2
Ts ooy ok

25%.128
. . | —
More Practice: Yay! 25.0°C

3. When 25.0 g of a metal at 90.°C is added to 50. g of water at 25°C, the temperature of the water rises to 29.8°C.
What is the specific heat capacity of the metal? Assume no heat was lost to the surroundings. ( e = L] |%L| I )

H,0
: 3 =
%H() iﬁdﬂ ’

(50 YT 25570 0509 g (187107

=02
u.8°c o a5
E;EEJ 204

(50)(4.184)(H4. 83 i "

- (50.0(4184X8° 132
thd"’ll ( 75, O)( (0. 7’3 j



394-213 = 121°C _ =45.04
s

12 v / (d = fOO?/ml.)
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4. A 120.gsample of titanium at 394 K is placed in a coffee cup calorimeter containing 65.0 mL of water at 23.0°C. If no
heat is lost to the surroundings, what will be the final temperature of the titanium? The specific heat capacity of

titanium is 0.523 J/g°C. 4 o
‘LHLD Tn

(¢5.0 X418 500Xy - 23.0°€) = ~(120.)0-523 32N Tg - 21°¢)
271+ (1, ~23.0) = (2. #6 (T —szl}
23 AT - 6249 = -62H Ty +F593.96

334,46 Tp = 13,843.06

T = 13BA%0C ) yoc
£ 334 1o

5. Astudentis provided with a sample of an unknown metal, a coffee cup calorimeter, a temperature probe, and
unlimited water. They are asked tg identify the unknown metaﬂ
a.

Answering the following questions about the experimental method the student should use in this experiment
i What measurements will the student need to make in order to identify their unknown metal?

— inifisl +emF. CT,U) anol ma s (n.) of fn_c_tf’
__,"F andl M o@ H O ("'\ wppce CL‘P)

-T@ (metsl +H % 4p+er'H-zj rfeach thernal L%wl )
-pm‘ll -I-gh

What calculations will the student need to perform? Explain how the student could use the measurements
described above to perform these calculations.

T"n! N’W{év\t Céa f’/hg 'Hyg !hcqj‘plfgmmtf QL)DUf, M'{,‘D +Ag e%{:)n bc/cw 5
(mCAT)H . = -..CA\CA-T)

Metal

lej can Hhen Solve for Cmﬂm (+he wnkyolon metal’s 5}0663%6 heat Ca,am?b)_

iii. How can the student use the results of their calculations to identify their unknown metal? What other
information will they need?

- 'Hmj need 4 ‘tqb{g JQ S’fé’C:‘-Qc l’\€4+ quaoiﬁgj orp di\C\Cereﬁt metaly
— the Student Car match their Caleuleted Corcha to a metaf oy He Tably
with 4 Spcalgc, heat Céf‘db clofest o Heir e,XPffiMehtf-(\[] defertined vélue,
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Multiple Choice Practice FTW!

6. How much heat is required to raise the temperature of 100. g of Fe,0; from 5.0°C to 25.0°C? The specific heat of
Fe.0sis 0.634 J/g°C.

@ 1.27 kI b. 0.0634 kJ c. 1.58Kk d. 0.845k)

-mCAT = (100, 3)(o.<03qj—§i)(zs.o°c -5.0°C)

= (100)(0.634)(26) % 2,000 X 0.(,
=1,2007 =12k

7. For an experiment, 50.0 g of H,O was added to a coffee-cup calorimeter. The initial temperature of
the H,O was 22.0°C, and itlabsorbed 300.J of heeﬁfrom an object that was carefully placed inside the calorimeter.

Assuming no heat is transferred to the surroundings, which of the following was the approximate temperature of
the Hz0 after thermal equilibrium was reached? Assume that the specific heat capacity of H,0O is{ 4.2 J/(g-K).I —25q "‘JL'._ al

a. 21.3°C b. 22.0°C e 22.7°C @ —_— =
6l =mCAaT
35T = (50 oj)(ki.z;,—c)(rp -22.0°C)
_29 = 300 . 300

T S e e IS
J (50)(4.2) 200

T{l = | SH2L =255

8. AS50 g sample of a metal is heated to 100°C and then placed in a calorimeter containing 100.0 g of water (c=4.18
1/g°C) at 20°C. The final temperature of the water is 24°C. Which metal was used?

a. Lead(c=0.141/g°C) @ Iron (c=0.451/g°C)
b. Copper (c=0.20J/g°C) d. Aluminum (c=0.89 J/g°C)

1[—'20 - ’7’”‘&‘{"1[

(100)(4.18)(24-29) = -5o( CMJ“IIZH —1003
(loo)tq)(to % (50)(#5) th[

= ([DO\(I(I} e %__E;_ - _2.'_. = O.L|
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