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INTERNAL ENERGY PROBLEMS

PROBLEMS: (1 L-atm=101.3J)

1. In an exothermic process, the volume of a sysbgmanded from 186 mL to 1997 mL against
a constant pressure of 745 torr. During the pcB3.6 calories of heat energy were given
off. What was the internal energy change for §fsesn in joules?

g =-18.6 calx 41840 _ -77.8J
1 cal

-3
w =-PAV =-745 torr X—7é atm x(1997 mL -186 mL)x 107 L X 101.3J =

0 torr ImL 1L atm
AU =q+w =(-77.8 J) +(-179.8 J) =-258 J

~179.8 J

2. Calculate the change in internal energy forttieemal decomposition of 1.000 g of
Potassium Chlorate at a constant external pres$@43.2 mmHg. The decomposition
reaction is

2 KCIO; (s) DH(; 2KCl() + 3Q(9)

Potassium Chlorate’s heat of formation is -391.20rol, Potassium Chloride’s heat of
formation is -435.87 kJ/mol, and Oxygen has a itlen$ 1.308 g/L at the reaction
temperature.

AH =[3(0.00 kJ) +2(~435.87 kJ) | - 2(~391.20 kJ) | = -89.34 kJ / mol rxn

1molKCIO,  ~ 1molrxn  -89.34kJ 10°J
1225 gKCIO, 2molKCIO, 1molrxn 1kJ
1molKCIO, _ 3molO, _31.9988g0, 1L
X X X
122.5gKCIO, 2molKCIO, 1molO, 1.308gO,

1.000 g KCIO, x =-364.5J

AV =1.000 g KCIO, x =0.2994 L

AU = AH -PAV =-364.5 J-(943.2 mmHg) _tam (0.2994 L) 101371 - 40123
760 mmHg 1L atm
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3. (a) Agas atexpands from 2.0 L to 6.0 L ap@astant pressure of 912 mmHg. jfwias zero
in the process, what would be the change in intemmergy?

1AM, (6.0 L-2.0 L) x> = _4.9x10° J

AU =q+w =0.00 J-921 mmHgx
760 mmg 1L atm

(b) What would be the change in internal energyttie process described in 3 (a) if the
expansion occurred when the external pressure era8 z

If the pressure is zero then the work is also zero. Therefore, the change in internal
energy is zero.

4. The oxidation of Nitric Oxide

2NO @) + O (g) -~ 2N (g) AH: =-113.1kJ

is a key step in the production of photochemioadg. Calculate the change in internal
energy (in kJ) that occurs when 15.4 g of NO rewfitls excess Oxygen at 35Q.

— -3
AU = AH - AnRT = -113.1kJ/mol rxn - —=M01 9as)8.314x10 _ kJ
1 mol rxn mol gas K

(308.2 K)

=-110.5 kJ/mol O,

1 mol NO " 1 mol rxn “ -110.5 kJ

g =15.4 g NOx
30.0061g NO 2 mol NO 1molrxn

=-28.4 kJ
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5. A gaseous mixture was enclosed in a piston glwder system having a volume of
1545 mL. When a chemical reaction occurred, tilarme decreased to 375 mL and
321 calories of heat was absorbed. The extereabkpre was 753 mmHg. Calculate the
change in enthalpy, work, and the change in inteznargy for this system in kJ.

4.184 J “ 1kJ

q, =321 calx———x———-=1.34 kJ=AH
’ lcal  10°J
-3
w:—PAv:—7&3mmng—;Eﬁm_—x@75mL—1&wranlo Lx10L3JxlfJ:OJJ74kJ
760 mmHg ImL 1Latm 10°J

AU =q+w =1.34 kJ+0.117 kJ =1.46 kJ

6. When 3.55 g of Methane (GHgas, was burned in excess Oxygen 4C4%he internal
energy change was -196.3 kJ. Calculate the entlehlpnge for the combustion of onwle

of methane at 4%.
CHy(g) + 2 O(g) » COx(g) + 2 HO()

q, =-196.3 kJ
_q, _ ~196.3 kJ

1mol CH, 1 mol rxn

n 3.559gCH,x 16.04 g CH, < imol CH,

=-886.9 kJ/mol rxn

_ -3
2|nolga5j(8314xlo K{y318l<):—892thnolmn

AH = AU + AnRT =-886.9 kJ/mol rxn +
mol rxn mol gas K



