Chapter 7
Hess's Law

N\ »
\a Textbook, p. 197 to 209

1 |
® 1 a NO,g 2Ny + 94, 2 0341 AH = 33.2 kJ/mol
1
2) 7 Ny + 785, — NO,, AH = '902kJ/mol
i e e
Overall reaction NO, — NO,, 207"" AH = 156.6 kd/mol
1
Answer: N0, = NO, + 50y, AH = 1566 kd/mol
b) 1 COs + 2807, — CH, ) + 2057 AH = +890.4 kJ/mol
2) Cy t+ 0 " C W AH = -393.5kJ/mo
3) Hy t Orp — 2H:8, I AH = -571.6 kd/mol
C +2 Hw Gl AH = 74.7 kJ/mol
Answer: C ., +2H,  —CH, AH = -74.7 kJ/mol
¢ 11
) CoalnOyyq — 1207, + 1Lb + 87 AH = 122255 kJ/mol
...~
2) LM+ =200, —~ 11H,0 AH = 2659.8kJ
3) 1267, +120,,—12C0,,, AH = -4722kJ
T OG0t 12 0,[ ,—> 12 CoZH t11H0,,  AH= 51563kJ
Answer: CH,,0,, +120,,—>12C0, , + 11 H,0 () AH = -5156 kd/mol




1 1
d) 1 H,50,,, “"gjﬁa/m FHi + 2057 + 505, AH = 8140kJ/mol

1
2) % b 2B ™ HO0 AH = 2418 kJ/mol
3) 8 3 Sg5 + g7y > S0, AH = -296.8 kJ/mol
1
H,S0, = H,0 ,, + SO, + 50 2(q] AH = +275.4 kJ/mol
1 !
Answer:H,50,,—H,0 . + 80, EOHul AH = +2754 kd/mol
el 1 H,S oy = Hy + S AH = +20.6 kd/mol
2) 2H, 0+ Oz[g, >2H,0 ., AH = -483.6 kJ/mol
3) S+ 059 S0y AH = -296.8 kJ/mol
The first reaction and the third reaction are multiplied by 2.
1) 2H,S = 2H7, % AH=+412kJ
2) 20 + 0y 2H,0 AH = -483.6 kd/mol
3) 257 +20,,—2 802(9) AH= -5936 kJ
2H,S , +30,,—>2H,0 ., +280,, AH = -1036.0 kJ
Answer:2H,S . +30,,—>2H,0 , +250,, AH = -518.0 kd/mol

® 2. 1. Manipulation of equations to obtain an overall equation:
The second reaction must be inverted and multiplied by 2.

4 C(]“q) + 6 H,0 ™ 2 CZHSUH ot 6 0219) AH = +2733.6k

2. Addition of the thermochemical equations:
1 CH.O 6/02/(9) —%YCOZ(Q) +6H87, AH = -2803.1 kJ/mol

6 1276(s)

2 468, + 5/579/ —~2CHOH , +60;7 AH= +27336Kk
C:H..0 —2C,H0H wt 2 COz(gp AH= 595k

6 1276 lsl
3. Conversion of the enthalpy value of the overall reaction into molar heat:
The molar heat -69.5k) for two moles of ethanol, thatis, -34.75kJ/mol

Answer: The molar heat of the formation of ethanol (C2H50H) is -34.75kl/mol

® 3. 1. Addition of the thermochemical equations:

3
I 2A1,+ 587, — ALD, AH = -1675.7 kJ/mol
3
2 Fe,0,, —2Fe , + % AH = +824.2 kJ/mol
Fe,0,, + 2Al AIZOS‘ +2Fe AH= -8515kJ

2. Conversion of the enthalpy value of the overall reaction into molar heat:
The molar heat is -851.5 kJ for one mole of Fe,0,, that is, -851.5 kJ/mol.

Answer: The molar heat of the reaction is -851.5 kJ/mol.




W5 a4 e) 120 kJ/mol h) Endothermic

b) 3 f) +30 kJ/mol 1) -10 kJ/mol
c) 4 g) -40 kJ/mol j/ Exothermic
d) 70 kd/mol

W 6. a) 1. Presentation of the equations of the elementary reactions:
1

] ! p—
Ny + 50, N0 AH = +902kJ/mol
1 Refer to P.418
7N+ 0y N0, AH = +33.2 kJ/mol

2. Manipulation of the equations to obtain the overall equation:

Reverse the first equation so that the NDHHis on the reactant’s side.

1 1

NO = 5Ny + 50, AH= 90.2kd/mol

3. Addition of the thermochemical equations:

1
. NUI‘”—-%,N‘}/W t Zgj’r./,, AH = -90.2 kd/mol
g ’N?/M 0 2D: (g} 0,44 AH = +33.2 kdJ/mol

NO, 20?1”:_' NO, AH = -57.0 kd/mal
1
Answer: NUmI : Q'O;w,j —NO,,, AH = -57.0 kd/mol

bl 1. Prrwr'n.'uu'rm of the equations of the elementary reactions:
0 = CO0. AH = -393.5 kJ/mol

[ 2(yh 2yl

C D - CO AH = 1105 kd/mol

2yl gl

Refer to P.418

2. Mampm’anmr of the equations to obtain an overall equation:

Reverse the second reaction so that the [I[]mh is on the reactants’ side.

CO —C._ +10 AH = +110.5 kd/mol

to) (sh 9“2y

3. Addition of the n’wnnorhem.‘caf equations:

1) Cq Q,,tm 2 " €0, AH = 3935 kJ/mol
2) C[}'m —~Cq %’Q{'u AH = 11105 kd/mol
- Co, 2 Dm] CO, -_ AH = -283.0 k;J;’moI
Answer: CO : -0, —~CO0 AH = -283.0 kd/mol

(gl 2 gl 2(g)




W 7. 1. Manipulation of the equations to obtain the overall equation:
Reverse the first reaction so that the C,H,,  is on the products’ side.

224y
5 (
2 Coum +H,0,,~ CyH?(m f EO,M, AH = +1299.6 kJ/mol
Multiply the second reaction by 2.
2C i+ 2 02‘“) — 2 CONU, AH= -787.0kJ

2. Addition of the thermochemical equations:

B 5
) 20070 + H@7 — CHhy + 507, AH = 112996 kJ/mol

2 2C, + 207, —~200: AH= 7810k
1
3 By 505~ g AH = -285.8 kJ/mol
2C , + Hyy = CHy AH = 266.8 kd/mol
Answer: 2C  + H,, — CHy AH = 266.8 kd/mol

W 8. Graph b)

W 9. 7. Choice of the correct equations:
Reactions 2), 3) and 4) must be chosen to answer the question.

2. Manipulation of the equations to obtain the overall equation:
Multiply reaction 2) by 3.
3C, +30, @ 3 Co, i T 1180.5kJ

Reverse reaction 3) and multiply it by 4.
4H, y+20,,—4 H,0,, + 967.2kJ

Reverse reaction 4).
CH, . + 104kJ—'BC(S)+4H

3''8 (q) 2 (q)
3. Addition of the thermochemical equations:
Add these three reactions algebraically to obtain the following overall reaction:

1) 3 o 30, = 3 CONQ, AH= -11805kJ
2) 4 TR 20, o 4 HZO{g, AH= -967.2kJ
3) C,H, @ — 3 o+ 4 77a) AH = +104.7 kJ

CoHg o+ 50,0300, +4H.0 .. AH = -2043.7 kJ

Answer: C.H,  + 50, b= 3 CO2 w T 4 H,0 (gl AH= -2043.7 kJ




