162 Let's say we would like to find the enthalpy of reaction for this equation: Ff‘om

. P -
LCo Holy) +50,(a) — 4 (0, (q) t2H20(q); AWz ﬁ:—efrf
Hess' Law: If you add two reactions fo get a new reaction, their enthalpies also add. y.

Gt LC) +  Hily) —> CaMely )  DH =107
COq 1 LCQ <+ 01(3) — COL(s) AU = ~-393.S

: l W 241
e H1(y) + 5 00lg) 7 H0Cg) DK s
Colg by ) —> L Co) F|Hy( OH = =167
CLHLL3> — (Z_CLS) +|H (3) DH <= =-126-7
Cepy * Ouly) = (00 (y) A4 = =3935
(_CSB - O'L(j) — COL(&) AW = =393.S
ey * Ouly)  — (00 () AW = —=393.5
C ) + O'L(g) — COL(S) AU = ~393.S
\
H = 0, ( — My O (a)
1)+ > q) 20 (4 T
1(q)|x 3 010g) — My.0 (4) DH: —241 3

LLHL(g) « S0 lg) —7 Yo lg)+ LH0(0)

AH=7(0-21(.7) FH(=-393-s) +2(-24.5) =23 kT




103 Hess' Law using enthalpy of formation:

A H ; N \r\( orodokg — EAYl L reachnk

L6 ~3%35.€ —24(.%
1.Cq H, (9)+50 () —H1(0,(q) *2LHLO(yg); AW-=

NH = Y (~2¢3,S>+ L -Qtu,(s) — [1(’”-60 fgfo)]

-2 S\ LS

* Remember:

- Multiply each enthalpy by its stoichiometric
coefficient from the reaction

- Enthalpy of formation of an element at ifs

See Appendix C in the standard state is zero

textbook for enthalpy - Watch phase labels. You will usually find
of formation dafa: SEVERAL enthalpies of formation for a given
P A-8to A-11 substance in different phases!

- For ionic substances in solution, remember that
they exist as free ions, so look up the agueous
IONS!




164 Exgmp|e prob|em5; FORMULA WEIGHTS in g/mol
1,616 3L.00 1%.0) in purple
LHL(g) ~ Oy (3) —> 2H0 () j AH=-H¥H k3

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

1 - Convert 1.00 kg hydrogen gas to moles using FORMULA WEIGHT
2 - Convert moles hydrogen gas to enthalpy change using THERMOCHEMICAL EQUATION

2,014 Hy = o HL‘ 2 mal Hy = —HY K3 kﬂ:m}

10 L
B =
), J ot e B ES 1 175000 k3
kj lot@g Ha  Zmal He oc ko Y
I___® \ © 1 7™M




FW: yp.oub 31,00 (Y, ol 1.9,
PLHUOo, ) * O lg) —> L (O, (4) + LULO (¢)

If 50.3 kd 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 o SO/S l(_j_ AH ~ Q Ceng beal preCCvee

Yoo ol HOCHOA

Find moles formic acid ... we know everything else.

Ll(’). Ol(gf’ H(,Hbz ~ W\u\ Hcl“lf)l

SMT, HCHO, p e\ HEHOL 61190631362 o) HCWOZ
J He, DG 4 M(HDy
A Y, Bensior prgie — 508 kS |-un243
Yool HOHO 0.11906313%2Z o) HCWOZ A UA0 .

Based on the calculation above, can we complete this thermochemical equation?
LHCHOL (1) * O Ug) —F Lo Lg) + LA (L), DH = _BHY

'e9]

We calculated the enthalpy change PER MOLE of acid (which is typical in a

calorimetry experiment), but the enthalpy term in the thermochemical equation

is per TWO MOLES of acid. So we must multiply the carorimetry result by two
for the thermochemical equation.




166 LII\/H\B(Q)"C 501[3) — L'/\/O[g)) + 6”?,0(f)) ; A"l: ~ 906 /\’j

What is the enthalpy change when 150. L of nitrogen monoxide are formed by this
reaction at 25.0 C and 1.50 atm pressure?

1 - Convert 150. L NO to moles using IDEAL GAS EQUATION
2 - Convert moles NO enthalpy change using THERMOCHEMICAL EQUATION

DPU=nRT|P=1.50 abm V=1S0.L

‘”2% R = 0.04106 =0 T=28,09 = 298,2 K
UII

. (uso o&ml( 1$0. L) L 91 9URLLEY Y el MO
(oo S

@) Y my) NO= =906 WD

-906 W)

N O - |-
9.1$48 L84 imol MO X == 1120 80 /Q/
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3HU.0%6y mol Heo’r of formation / enthalpy of formation! _
—'),o S'() -18S ¢ -296,% _J AH ; l(J/mo

>-‘V 301(9) )ZHLO(Q)-\-2801693 ( p@ndt\p C)

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

1 - Calculate the enthalpy of the reaction as written using FORMATION HEATS
2 - Convert mass hydrogen sulfide fo moles using formula weight.
3 - Convert moles hydrogen sulfide to enthalpy change using THERMOCHEMICAL EQUATION

ZAH Prudu ek ZDH( ren( beatg

= [2(-285.6) «2(29L. MERIC: So)+3(o)j
iy ko O

So the THERMOCHEMICAL EQUATON is ...
LHS(g) + 304 () —> ZH0(0) + 25Dy Cg) ARz ~ITEAEK]

34, 0% g M1 2 mo) Mo S | 2 mol HoS= 112401 k]

mo) My S —112Y. L W) F”/j_

QS'OaHL§X3%,O‘6B3HlST\1m\ P =|-YIT k

& (2
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The next page is an extra example problem for Chapter 6. This probbem is here to
show you that you can sometimes start with heat/energy/enthalpy requirements
in a chemical calcuation instead of a substance.

In the example problem, we start with an energy requirement (565 kJ). While you
can't convert that to moles of energy (since that makes no sense!), you CAN use

the thermochemical equation to convert directly from the energy requirement to
moles of one of the substances - propane.
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P(‘OPW\Q
+
C3Me(5) *50,1g) = 3C0,(q) tHHOg) ;A= 203 T

Calculate the volume of propane gas at 25.0 C and 1.08 atm required to provide 565 kJ of
heat using the reaction above.

1 - Convert the energy requirement to moles propane using THERMOCHEMICAL EQUATION
2 - Convert moles propane to volume using IDEAL GAS EQUATION

m S — C ~— Snce the reaction is the SYSTEM here, the energy
0\ C 4 H % 0 [ 3 L" J requirement has a NEGATIVE sign (it's LOSING, or

_ mo\ (4 H providing) the energy...
—< 68 [((J Y 5 %/ ol 0,’?_7(,S5“L,wg7| ol C'LH(
- 2047, e

L-alan
mol- K

PV =nRT Palo%atmy R T 0.0%106
VinlT | 1-72509 2294 LK

] Nz 02765540 87| mol (1 H¢

\/ N (0.’&7655L1087| o] CgHﬁé](010‘6106:\‘?;)(1%.1 L()
) (\,O%a«\'ﬂ"))

/15 00

=16.17) L (SH{ @ |,0% &Fm




