CHEMISTRY 11 AP — ENTHALPY CHANGES WORKSHEET
1) The complete decomposition of NOCI gas into its elements occurs by the following reaction:
2NOCl(g) = Nz (g) + Oz (g) T Cly )

Use the following two reactions and their enthalpy changes to determine the enthalpy change for the
decomposition reaction.

VN g+ % 0y = NO @ Llip %8 AH¢=+90.3 kJ/mol X~
NO (g + % Cly g = NOCl ¢ £lip x=2 AH 1 = —38.6 kl/mol x =

m* Na + O M= -1806 Icf/mol‘
2800l — 200+ Ch A= + 72.2 E3/mo

2 NOCl —> Mo+ Oa+ Cla A = 41034 5/ mol

2) Polyvinyl chloride is commonly referred to as PVC. It is a polymer produced from a monomer
formed by the addition of ethylene and chlorine gas. Use the following reactions and their enthalpy
changes to determine the overall enthalpy change for the PVC monomer reaction:

H, @t ClhL (2 — 2 HC1 (2 AH° ¢=—184.6 kJ/mol

C,Hy @t HCI (2 —> C,H;5Cl1 ) AH® i = — 65.0 kJ/mol
C,H;Cl1 @t H, (2 —> C,H;5Cl o ‘Fl)p AHP° , = — 138.9 kJ/mol X- l
C,H4 @t ClhL (2 — C,H5Cl ot HCl (2 AH® =7

Mor Cle —HCl M == BFE /e
Ol + H—> Dol M = —6505(e
m% CQ/’TZS()/ +>§\ N = +128.9 >/ mol

CoHy + Cla — CaHsCl + HCl M = = 1)0.7 kS/mol

3) Given the following data (all species are gases):

20; 30, flp 2 AH® s = — 427 kJ/mol +-2
0,—>20 flip =2 AH® giss = + 495 kJ/mol + -2
NO + O3 — NO, + O, AH® 1, = — 199 kJ/mol

Calculate the enthalpy change for the following reaction: NO + O — NO;

Thba. — 55 M= 214 ksimel (+ 212 S k5/mol )

- —43 s/l (— 2475 I/m0))
|- —(99 kS /mol

NOD + 0 — Mba M = =233 &5/mol



4) Determine the enthalpy change for the following reaction:
CH4 @t 4 Cl, (& — CCly ot 4 HC1 (2

Using the following information:

U ma have dobled

i, o .
- seagnally  Cot2Hyg—CHyg Y0P AH® ;= — 74.6 kJ/mol %

‘H\'Siﬁi\ jfvc/a 3bu+ ! —7Ct2Clhg—>CClgy AH® ;= - 95.7 kJ/mol

?”fwou Soon 'fi”-/” @ Hyp+Clhe—=2HCly x2 AH® ;=923 kJ/mol  »

+J«ajr'7;?0i{s WASH | X—+ % AH = L7246 k. o)

(egV CHy —> ' Al = - 957 ks/mol

)g\+72 Cla. — CCM
D+ ACk — 1A

CHy + Yela —s (CCle+ $Kel  AH=-206 KS/md

5) Use the values for Heats of Formation on Page 30 of your notes to determine the enthalpy change for
each of the following reactions:

(2) 2 HS (g + 3 Oz () = 2 SO (g + 2 H,0 ( ’ )]
. G £ 118) + ( ((AHF s
= [ (2D + (A% HD) | - [QYA”* L@ *
M : [[@(_Q%_S (- ;zgs.;bﬂ [ (a)-203 ks)+ (2)(0 b)]
s aks) - (-44s)
= -] 1A% >

(b) The Ostwald process for making nitric acid involves multiple steps, beginning with ammonia
reacting with oxygen, forming nitrogen monoxide and water.

507 — dNO  +6 ,%10 ‘
D= [ AﬁlﬁN&( o) |- [ (o) + (5 0K )}
- [3)rm3m)+ (248 Y- [(Atsgks)+ ()0 5)
_L1039.615) (1826 )
=-906 15



" DR PP
CHe + Q02 — (02 + 2 HaO b
Aul= [ (hcon)+ aY M0} - (0155 0He) ¢ (YA 02) |
- [( l)('BGIS.SlcS> + (N (-285% I<S>] - [((>(..7%9k5> o AXO"S)K
= (~%5.H<5> —(-7%9/53‘>
== 390 Ak

6) Chlorine gas can react in a substitution reaction with the gaseous monomer mentioned in question 2
as follows:

C,H;5Cl1 @t ChL (2 — C,H4Cl, @t HCl (2
(a) Calculate the AIIIEIO foi/‘rhe reaction above, using values from Paﬁe 31 Pcif your notes.
|
H=0-C-cl + &=Ch—¢[-C-C -C| + H=¢l
(. r !

H ok HoH
P = [die-Hy+ (et=e) ) - LD + (XH-C1) |

[\ ks) +(M(@Bks) |=[ (xzak) + ()57 ) |

SN-(766K5)
—bﬁg llf5>= 10107 S

(b) Repeat the calculation done in part (a) using AH® ¢ values from Page 30 of your notes.

AH = [0 CaHacte) + (Al |- [OXBHECGHSCL) + (00 ) |
- [(X-166.3K5) +(|)(-q;231<3)]-[:(l)(—Iu&lﬁ)+ ()(ok)]

[~259.1 )~ (-11225)
= - |%6.7£5

nou

It

(c) Compare the answer to part (a) with part (b). Comment on the comparison.

Since bond energies are averages, the answer to enthalpy problems using bond energies might
not be exactly the same as the one to calculate using heats of formation as in this example.



7) Use a highlighter or some other method to indicate the bonds that break on the reactant side and
form on the product side of this reaction. If a bond remains intact there is no need to break and
reform it. Calculate the enthalpy change using the bond energy values on Page 31 of your notes.

!}
CQZ—)CH2+HCN —_— HOC—?—C-:\N
H-C=N A N
Me = [ ()e-0)+ () eH)+ (X =) | - [ (00-H)+ (- (=)
= [1)(358k5)+ ()2ks) )@ | - (N7 X3+ (N6SE) |
_ (16631s)- (1429 15)
_ 9235 /mol on

H H

H H
(b) | 70
H(+—+—C—_= N \C= C/ + H,0 [y
) B SN

L rnc=0) + (e ()o-)
A|,l=[(n)(C-OM(MC—C)+(|)(C—H)+(()(C=N>1—[(Q(C-c> +(NC=N)+ (1) o-H ]
. [U)(gsg 13 )4 ()3 15) + ((bisis) | - (L) (1) B #7k) |

(172 )- (17A)
= 'Qéq IQS/I’Y\O] xn

(c) Combine (a) and (b) into one reaction and calculate the overall enthalpy change.

CHo-@H2 + HC=N —%H/\Czc/”’ . O
Np/

0 H ‘o =N H H
M= [0+ @) - [ (Xe=O+ (20-#) |

- (225915 + ()3 | - [} 6l# 1)+ ()T ) |
TS %)
= - ékj/mol (XN



8) The following shows the structural formulas for the reaction:

2 CH,CHCHj3 @ T 2 NH; @t 30, (g — 2 CH,CHCN @ T 6 H,O (2

H
H
H H C=N
2 \C—C\/(H+2H— —H+30=0 — 2 \C—C/ -+ 6H/O\H
/ N\ r / \
H H H H H

Use the bond energy on Page 31 of your notes to calculate AH® ., for the given reaction.

ﬂ’l = [:(6>(C'H> * (Q(N ‘H> + (3>/0:0>] - &QXCEN> + dg>(0_H>1
_ [sm)r (IR ()3 1) |- (BB 2) % (2765 |
- (63l315) - (7586 L)
=~ )03 f5/mol txn



