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Calorimetry
The objective is to measure

AH, (T) Reactants ( T7) *™ Products (T7)

constant p

. Constant pressure (for solutions)

|
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I) AH, React. (77) * Cal. (T7) “=" Prod. (T3) + Cal. (T3)
constant p
IT) AH, Prod.(T2)+ Cal.(T2) = Prod.(T:)+Cal.(T)
constant p
AH, (T,) React.(T)+Cal. (7)) = Prod.(71)+ Cal. (T7)

constant p

AH., (T)=AH; + AH,
(I) Purpose is to measure (T; - T7)

Adiagbatic,const.p = ¢,=0 = AH;=0

(II) Purpose is to measure heat ¢, needed to take prod. + cal.
from T; back to Ti.

g, = TT ¢, (Prod.+ Cal )dT = AH,,

AH, (T)=-] ¢, (Prod.+ cal)dT
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. Constant volume (when gases involved)
INIRRRAIRSRR ALY,
- /@Ction | = adiabatic
— |7 B | — constant V
— |- calorimeter -
AR NN ERRTAN
I) AU, React. (T7) + Cal. (T7) “™ Prod. (T2) + Cal. (T7)
constant V'
II) AU, Prod. (T2) +Cal. (T2) = Prod.(T7)+Cal. (T)
constant V
AU, (T,) React.(T;)+Cal. (7)) = Prod.(T7)+Cal. (Th)

constant V'

AU, (T)=AU; +AU;
(I) Purpose is to measure (72 - T7)
Adiabatic, const. V = ¢, =0 = AU;=0

(IT) Purpose is fo measure heat ¢y needed to take prod. + cal.
from T; back to T..

g, = jf ¢, (Prod.+Cal)dT = AU,

AU, (T)=~["¢, (Prod.+Cal )dT

Nowuse H=U+pV or AH=AU+A(pV)
Assume only significant contribution to A(pV) is from gases.
Ideal gas = A(pV)=RA(nT)
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Isothermal T=T.= A(pV)=RTAn,

as'

AH,, (T) =AU, (T)+RTAN

'gas

AH, () =- jf ¢, (Prod.+ Cal ) dT + RT,AN,,

e.g. 4 HCl(g) + O2(g) = 2 H20(1) + 2 Cla(g)
Ti = 298.15K
AU, (T)) = -195.0 kJ AN, = -3 moles

AH., (T;) = -195.0 kJ + (-3 mol)( 298.15 K)(8.314x107° kJ/K-mol)
= -202.43 kJ
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Bond energies: An approximate method for estimating AH;
Really bond enthalpies, but usually A(pV) << difference

1)  Measure bond energies for known compounds
2) Use them to estimate AAH, for unknown compounds

eg. CHi(g) = C(graphite) + 2 Hz(qg) AH, =-AH,
C(graphite) = C(9q) AH. (atomization)
2 Hx(g) = 4 H(g) 2A/—7H2 (atomization)
CHa(g) = C(g9) + 4 H(g) AH

H /<
H-C-H AH = 480, Bey = 416.2 kT
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4Bep = —AH, g + AH, oy + 2AH, sy = |Beyy = 416.2 KT
H H

CHe(9) = Cg) + 6 H(g) H-C-C-H
H H

AH = Bc-c + 6BC_H

= —AH, oy +28H, oy + 3D, omy = | B =342 KT

Now estimate A/’/: fOF‘ n-pen‘rane, C5H12 CH3-CH2- CHz- CHz-CH3

5 C(graphite) = 5 C(g) 5AHC(afom.)

6 Ha(g) = 12 H(g) 6AH,, arom)
5C(g) + 12H(g) = CsHia(g) AH~—(48.,+128, )

5 C(graphite) + 6 Ha(g9) = CsHia(g) AH, .,

AH . =8B +12B 1)+ BAH gy + 6AH,,
~ -152.6 kJ (estimated)

Actual AH,,, (n-pentane) = -146.4 kJ

CH,

But CH,-C-CH, s also CsHio with 4 C-C bonds, 12 C-H bonds
CH,

=  AH, ., ~ -152.6 kJ (estimated using bond energies)

Actual AH,,, (neopentane) = -166.1 kJ



