191 Let's say we would like 1o find the enthalpy of reaction for this equation: >
'LC.Q_HQ_((,) -&'501(03) ——*3“[(,07_(_6’) "C'LH'LO((,)}AH‘: .
Hess' Law: If you add two reactions fo get a new reaction, their enthalpies also add.

(M 2C )+ Holy) — Colgly) DH =107

COq 1 Ce)y & Oly) — CO'L,(S) AH = ~393.S
: l W —241,
e Hply) + 5 000g) H100g) QM s
Celg by ) — 2 () +H( DH = ~120-7
Celyty ) — L) TH(y) DH = -120.7
Cen * Oouly) —2 CO’L(S) AW = ~393.S
C ey * Ouly) — (00 (y) Ak = ~1393.S
ey & O ly) — COL(S) Al = ~393.S
Cey * Ouly) — (00 () AW = =393.S
)
H = 04 ( —> My0 (4 )
LA™ o 9) 2V (g e
'L(ﬁ) A EOL(VD — H'LO L%B Az —241,5

LCaHa(g) « S0 lg) —% HCorlg)+ 2Hy0(p)

AH=2L(-201(.7)+H (=393 5) +2(-241.5) =231 kT




12 Hess' Law using enthalpy of formation:

AH < § /AH\:‘()NJJIJ\’S - EAH L—IN-‘*OI'W‘}'S
P = (H4l38) wcfw,q) — (201%:2)+519))

< | =TS\ I N)

* Remember:

- Multiply each enthalpy by its stoichiometric
coefficient from the reaction

- Enthalpy of formation of an element at ifs

See Appendix C in the sfandard statfe is zero

textbook for enthalpy - Watch phase labels. You will usually find
of formation data: SEVERAL enthalpies of formation for a given
P A-8t0 A-T1 substance in different phases!

- For ionic substances in solution, remember that
they exist as free ions, so look up the agqueous
|ONSI




163 Example problems: FORMULA WEIGHTS in g/mol
1,616 3L.00 1%.07 in purple
’)_Hq_(%) « 0y (y) —7 2HA0 (4) ) AH=-H%4 k3

Calculate the enthalpy change for the combustion of 1.00 kg of hydrogen gas.

1 - Convert 1.0 kg of hydrogen gas to moles using formula weight.
2 - Convert moles hydrogen gas to enthaply change using thermochemical equation

1.0t6 g Hy = mo Hz_‘ Kg = |<>'?ij | Lol Hy = ~ 484 3

10>

|9O o K J. mel He —-%%Lf‘fjuk —
9 2 X Kjﬁ ’)_,OIGfJHQ_Y\'Lmo\ o 120000 K3 PQFL’B iy




“ FW: yp,oub 31.00 ¢4, ol 18.02,
LHMOL (1) + Oy Lg) —F L (o, (5) + LWLO (L)

If 50.3 kJ of heat was released when 5.48 g of formic acid are burned at
constant pressure, then what is the enthalpy change of this reaction per
mole of formic acid?

Q= =503k , AH= R tonrhe F pressvig

mol HCHOL

Find moles formic acid:

4 ,01(,9 Hero,

= O, 1906 mas) H CHDL

_ =S0. 34T = =212 kI
A ) O . [196€ m.s) H(Hoz_ _J | A\MHC"{OL
— "

Based on the calculation above, can we complete this thermochemical equation?
LACHOL (L) ¥ Oy (g) — Lo L) & LU0 (L) DH= =BT T

We calculated the enthalpy change for a mole of formic acid being burned, and the
equation has two moles being burned. Double the enthalpy change for two moles.



165 LII\/“J(@)‘C SO’L(ﬂ) — Ll/\/O((o) + GH'LO(ﬁ) ; A"l: ~906 A"j

What is the enthalpy change when 1580. L of nitrogen monoxide are formed by this
reaction at 25.0 C and 1.50 atm pressure?

1 - Convert 150 L of NO to moles using ideal gas equation
2 - Convert moles NO to enthalpy change using thermochemical equation

PV = nRTY PTL 1.€0 et R - 0,0%2 06 L ~akry
mol\ - by
n=9PV [y 10,0
\ZT T_" ZS’OUC—‘L—LC;@.’L}\/

_(1.$o m%mj(lgo,g _ 211849 ma) MO
M) N = = 7.194

B Olog.’l 06 L‘ka (’l{'f "'L}\/
L mol - by § )

ol VO = =506 k3

~706 k3 |

9. 194%LL84T mo) MO :I —~2.0 %0 1(3'\
L‘“\mol JVO
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BHU.086g ol HeoT of formation / enthalpy of formation! _ 0
—10 so Yy “296.% | AHp , W3/ mo)

)"C 3)01(9) )ZH'LO(G) '\'150')_ g) (Anpendf\c ()

Who’r is ’rhe enthalpy change at standard conditions when 25.0 grams of
hydrogen sulfide gas is reacted?

1 - Calculate the enthalpy change for the reaction as written using HEATS OF
FORMATION and Hess's Law

2 - Convert 25.0 g of hydrogen sulfide to moles using formula weight
3 - Convert moles hydrogen sulfide to enthalpy change using thermochemical equation.

@ b= Z&H?IFNA”OIFS 2 &H ¢ Ceachots
[7- ~ 7083, Cﬁ) “T'?-( 196, %51 ['L( 10 %a) 4 3(0 )]

—~ 1Y .2 KO

Thermochemicol equation:;

LHAS (o)« 304 (5) —> 2H0(0) + 25Dy (g)s AH=-124.2.K3
24.0%6 g HaS = kol Ha S ‘ Lol HoS = =124 L W3

1506 H’LS X mo Mo s X—|IU4_1 HJ
24.0% o HaS Lol 2§

® ®
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