if"jf.lnformatlon Forward and Reverse Processes
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Name

-'.:When most people thmk of chemrca[ Ieactrons they thmk of 1eactants hemg tiansformed mto SN
products For example take the 1eact[on of calbon monox1de with hydrogen gas to form methane gas
and wate1 vapor A -
o o CO(g)+3H2(g)9 cm(g)+H20(g) |
If you were watchmg 1he molecules of this reaction, you would see thai at the very begmmng, there is
no methane and no water in the container. Soon methane and water would begln to form and then the
reaction would appear to stop. Howeve1 at thls pomt thete would st1ll be some catbon monoxrde '
and hvdlogen mesent L SO RS TSRI T

What happehs at the moleculai ]evel is th1s as the produots (mcthaue and water) begm to form they
react with each othe1 and begm for mmg the reactants (C'ubon monox1de and hydrogen) again. There
is a forward reactron and a reverse reactlon The f01 ward 1eactzon 1s wutten above ’I‘he reverse. '
reaction is below SR . S S

CH; (g) + H20 (g) 9 CO (g) + 3H2 (g)

The best way to represent the 1eact10n then isas follows R
e CO (g) + 3H2 (g) <> CH4 (g)+ H20 (g)

The 1eactlon appear s to stop when the 1ate of the forwald 1eact10n equals the 1ate of the reverse

reaction. At this point we say that the reaction has reached gulllbl ium. The reaction is still B

- occumng, but the plOdllCtS and reactants a1e homg fonned at the same tune 50 thele is no net change _
~'in their amouuts : - : : - o e : S '

Crltlcal Thinkmg Questlons

1. Consider the reaction above mvolvmg catbon monox1de and hydlogen At the begnmmg of the o

reaction, thele are 2.50 moles of calbon monoxide and 5 10 moles of hydrogen gas plaeed inas. o

L contamel "Of course, at the very begmnmg there is no methane or water in the container.
When equilibrium is reached, there are 1.02 moles of water in the. container, Calculate the
numbe1 of moles of methane, hydrogen and carbon monox1de in the contamer A R -
. Hint: Calculate the change in the number of moles of water; by how nany moles dld the o
~ water mcrease‘? The numbe1 of moles of methane meleased by this same amount The :
number of moles of carbon monomde decr. eased by this same amount, The number of moles
~of hydrogen decreased by rhree times tlns amouut We know thiS ‘oecause of the coeff1c1ents
~in the balanced chermcal equatton FO D RER A SR R
Change in moles of H»0, CO and of CH,=1.02 because coefflclems in bal’mced equauon are equal
Change in moles of H, = 3(1 02) =3, 06 Theu,fore the final moles of eaeh are as follows.. '
CH, = 1.02 mol; H;, = 5.10-3. 06 = 2.04 mol; CO=2.50-1,02=1.48 mol




2L COHSldeI the followmg reaction: Ng (g) + 3 Hg (g) é—% 2 NH; (g) Imtlally, 4, 25 moles of s
= '_'mtlogen gas and 6.33 moles of hydrogen gas are placed in a 3.35 L container. At ethbuum, s

V72,05 moles of NH; (ammoma) was ptesent Caiculate the numben of moles of nttrogen and '

L _"hydlogen at equilibrium, : T Ghiaeoite

o There were initially 0 moles of \IH; but at equxhbnu;n thetc WCIL 2 !5 moles Ftom thts w
e can calcuiate the change in. moles of N, and H,and thcn the. amount at equa 1buum

SR Nz(s) + 31L(g) & 2NH (g) -

Inmal moles 4 25 633 B :

G,
Lhange in moles: -1 075 : —3 225 SRR %2 IS

Ftn‘ﬂ tnoles %173 _ 3105 _._2.15

3. As mentloned aheady, equﬂtbltum oceurs when the tate of the fomald 1eftct|on equals the 1ate of
the reverse 1eactlon ~Assume that all reactions discussed so far are elementary reactions, This
- means that the exponents in the rate law are the same as the coefficients in the balanced equation.
'a) ‘Write the rate law for the forward reaction of calbon 1nonox1de and hydtogen Use k; to
R symbolme the 13.[6 constant f01 the forwatd 1eactton L o -
' Ratemk;[COillI } '

'b) erte the 1ate law fo1 the teverse reactlon of catbon mono:ude and hydlogen Use kr to '
symboltze the 1ate const‘mt for the 1eve1se 1eact10n ' : : .
Rate k [HgO}{CHd

4. Now divide the reverse rate law by the fm ward rate hw and complete the tollowmg equatlon

_ Iate reverse kr [HQOHCH4] .
rate " K _[C.Q_][I-igf e

forwal d

' S._ | 'At equlhbzmm, the 1evetse 1ate equals the fonvard 1ate What does the left 51de of the equatton in
questton 4equal?. - :
S_iﬁce_l.dte_revtrse = ratefom‘aré; ﬂ'l(!ll ratcreverse ~+ ralCporward = | -

L. 'T akmg mto account yom answer to questlon 5 zeauange the equatton that you w10te in numbe1
' 'fout and get kf and kr on the left 31de of the Ieactton and evetythlng eIse on the ught 51de I

i -_-'-k,- {H OllCHy] =
o k | {CO] [Hz]

- Informatlon The Equsllbnum Constant

'_ The equlhbnum constant isa constant that ahows us to compale the concentt attons of products and :
'_._teactants ina chenucal 1eact10n The equlhbuum constant (K) is defmed as kp’k o
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| :'."':':ﬁ__"-iCrttlcal Thmkmq Questlons

L .7__3;: leen yom answc1 ‘to qucsuon 6 and diso thc mfm matlon abovc wnte thc exptcssum for the . .:. e
8 .""}--"equlhbuum constant f01 thc reactlon of catbon monomde wzth ilydtogen R
ICONTL) .

8, ':__:Cdlculdte the equthbuum Constdnt fm the 1cact10n usmg y0u1 answers to questlon'numbcr 1 You = SR

S R '\wll first need to find the molauty of cach reactant.and product You should geta valuc of 2 07
S We need to dl\’lde edch of the final moles from Q 1 by 5.0L 1o obtain molarity.” ©
[CHy] = {HaO} =1 0’? —5 0 90—% M {IEs] 2.04+5= 0 408 I\I {CO] I 4*3 0.296 M -

[H» OJ{C‘H ; 0 704)(0 ’?04)
=) - 2 07
tCO}iH~} : (0 296){0 408) :

9. chfy that thc cqu1llb;1um constant GXpleSK)Il f01 the 1cact10n dcscubed 111 quesuon two can be

_'.wuttenas ;' R _ - e RN : : C I

K [ ]
LN, ][H ik

ch in ﬁene; al cqulhbl tum comtants are wuttcn as the conccntmnon of thc pioducts dmdcd by
.;the concenlldtion of Ehe lt‘.dC[dn[S wnh each substdncc i’dlbbd o thc power of i its cocfﬂcxcnt

_1_0. Calculate the numcl ic Va]ue of thc cquthbnum constant ﬁom qucstlon 9 usmg you1 answels and
coithe data in question 2. . .
[NH;] 2 lSmoI—3 35L 0 6421\4 [Nb} = 3 [75moi -3, 35L 0 948M {Hz] 3 lOﬁ—3 3SL 0 927M _ '

tNHﬁ (e (40)~
= L -—0546
ENz]tHz} (o ‘)48)(0 927)

“11. Consndeung qucsttons 7 and 9 what rclattonshlp ex1sts between thc coefﬁcients m the balanced o
chemtcal equation and the explcssmn for the ethbuum constant‘? B e '
In general, ‘equilibrium constants are written as the concmttatlon of thc ptoducts dmdcd by
B the Conf.cntldiion of thc 1cactdnts wnh cdch substtmcc mmcd to thc pm& er of its coethctcnt

12 Wutc thc cquthbuum constant cxpxcssmn f01 cach of the folIO\vmg reactions
f {.Hmﬂ ) _:_ Y {CO} {02}




: :Crltlcal Thmkmg Questlons

S 13 Fmd the lllltIEtl CO]]CClltlathIl of HI and the ethbnum coneentratlon of 12

""_'_:lnformatlen Caleulatmg Equallbrlum Constants

| C01131de1 a 100 L contamer that holds 80 moles of hydrogen 1od1de Ovei t1me the hydrogen 1od1de ._ L
3"decomposes into hydmgen and iodine. At equ;hbnum thete are 8 84 moles of 1odme The ba!aneed e
L 'equatlon f01 tlus plocess is: 2 HI (“) Hz + Iz SR ' SRR

{Hll—SO—loo OSOM {13}_834%1{)0 00884M SIS

14. Consider the balanced equation . f01 a morent. How thl the ehange in 10dme eoncentlatlon :
“compare to the ehange in hydrogen 1od1de‘7 (Hmt it depends on the coefﬁc:ents in the balanced
 “equation.) . SRR S
' The ehange in HT wﬂi be tmce the eh‘mge m Ig

' lS._Wh_a_t was _th_e _mmal_oo_n_e_entratt_on_ of I_g? Not_e_: 111_1t1al”_m_eahs befo:_‘é any retzctien takes pla_ce._ _
' '-'.Zero i

16. What was the nntlal concentt atlon of H2
: Zelo_i_j-.-'-"- :

: 1’_7._What was the change in eoncenttatlon f01 12’7 (Remembel that change in concentr’ttion 1s smlply _
R '-:'the final minus the initial COHCCIltlatIOH) : S SR :
' 0 0884 M . S

Sn 18 Calculate the change in Hg and the change in HI eoncennatmn

Am {Hg] = 00884 M __ _' | Am [HI] _(0 0884)(2) o 17'?M

19, What is the equ111b11um coneennatlon (1 e. concentaatlon at ethbuum) of HI? Note the i
B jequihbuum concent1at10n of HI 1s equal to the 1n1tlal concentlatlon of HI mmus the change in .
' concentmtlon . “ SR o

080 0177 0623M

_ | _-20._.What is the equﬂlbuum concenttatlon of Hg‘? Note the ethbuum eoncentiauon of H2 is equal
. '.to the initial concentration of_Hz plus the ehange in coneentiatlon of Hg AT P
0+00854 (}0884M I RN A SN e

21 In questlon 19 you subtlaoted the change in eoncennatmn but in questlon 20 you added 1t o
.Why'? : ol _ . ‘ _ 2 _ o ..

Questton 19 refen ed o a rmcmm and the eoncentlatmn of ] 1eactant is decredsmg wtth tlme o5

Question 20 referred to a pr oduct dnd the concr,ntlat;on of pioduct IllClCdSﬁS wzth tnne R
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22 W1 1te the equlhbrium constant expwssmn fox thlS reactlon_._-[ i

24 Tlns ploblem combmes a]l of the prev1ous eleven questlons and asks you to ﬁnd the equlhbnum -

constant for a:ieacuon Consmler the followmg 1eact10n 2NO +.0p 2. 2N02 5.25moles of
3 :NO and 3.15 molcs of O, are combmed ina 2.0 L contamcr At ethbnum 3. 20 moles of NO,

are in the container. Verify that the equlhbnum constant for this reacnon 15 18 88 Don t f01 gct

to use molanty mstead of moles! : - - SR , :

Initial _c_anent_rations: o Equilibrium (ﬁnn}).cbi‘léénﬁétilons o
[NO]=5.25 +12.0=04375M {NOA} 3. ’)O + 12 O - 0. ’7667 M
[0,] = 3._1_5 + 12.0 = 0_.’26_25 M

' 'Chmces 111 concent; auon s . : . R S
A[NO,] = 0. 2667 M (hecause there was zeto to start wn‘) qnd at equ;hbrmm thete was 0 ')667 M)
AINO} = A[NO»] = 0.2667 M (hecause coefiicients are same in balanced equation?

AJOa] = Y2 (AINO:]) = 0.1333 M (because there js a 1:2 ratio in balanced equation.)

Eguilibrium (final} concentrations:

[NO}=0.2667TM . :

[NO] =0.4375 - 0.2667 = 0.1708 M
[0:=0.2625-0.1333 = 0.1292 M

NO;2 - (0:266T) 5
K= = _,,_.~1887
©NOPO:  (0.1708(0.1292)




| Sil Practice 45

What is meant when we say that a 1eact1on has reached eqhiﬁbﬁﬁm”?.';-:-. :

¢ rate of fmmatlon of products cqu*ﬁs the 1ate of f01 mat;on of reactants

2. Consuim the followmg chcnncal equauon 2 N205 ("% 2 Ng + 5 02 At equzhbrlum, the :
' _concentranon of 02 is 0. 45 M; thc concentratlon of N205 is 1 20 M and the concenuatlon of Nz is
0. 71 M Calculate the ethbnum constant K ' : : T

0. 00643 M

3. In an cxpeument 0 100 mol of Hg and 0.100 mol of I are-mixed in a 3.00-L container according
to the fo]lowmg equatlcm Hg +. L é") 2HI K =50.0 f01 thls reactlon what is the
equilibrium co_nc_cr;hanon of I, Hy and HI? .

[Ha=00073M  [L1=00073M  [HI}=0.0514 M

4 How many moles of each substance is ina 1.0 L vessel if you start with 0.500 mol of Hy and
0 500 mol of Ig_ to synthesme HI K is 49 7

[Ho}-{[g} OIIIM : [HI} 0778M

| 5 " Cons1der the followmg reacuon PCls (g) <=2 PCly (g) s Chg. It the initial concentration of
o PC15 is 1.00 mol/L,, ‘what is the equilibrium composition (i. e. the concentratlon of each substance
- at equlhbnum) of the gaseous mmtme‘? K is 0 0211 ' :

R —,_{Iﬁci_j_}_{q'.s;ss M. {PCEg]ﬁ[Clg] 0135M
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