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If you add 0.400 moles of each reactant to a 4.00 L reaction vessel, what is the composition of

N, = LPClc]

Start with equilibrium expression:

——

Initial conditions

CPOGALCl]

These concentrations are
molar concentrations
AT EQUILIBRIUM!

. We've defined 'x' as
LS quilibrivm]

the concentration

of phosphorus
trichloride consumed.

Species| Cimbil ] D

[ bCls fﬁ’%—_o.loom — % ©.100 %
(e fm%—_o.loom —~ X 0100 =¥
PCls O M + X X

CPCe] e

[qul[_ C]'l] ) (O.IUO"XjCO,ldU -—\c)

=4 9 | To solve this problem, we need

fo solve this expression for 'x'.

Rearrange this expression to make it easier to solve. Isolafe X' if possible.
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(%) 4o
(0.1w0~x ){0.100 -¥)

X

(0,100~ %)

- Y9 ((Dsluo—"ﬁf_
\\/fq._b)l':'. a2 ob 4bt

4G

X249 (0.0[00—0.100; +}1]
X = 0M9— 4,8y +HF &

O = L‘\QX'L-—lO.Qx +0.49
v - LH

This equation is o QUADRATIC EQUATION:
7 —
ok tbyx +C =0

A= —\OJF— ’\J’—lﬂt'%""gﬁ
Lo

Each quadratic equation has TWO
solutions. However, only ONE of the
two solufions makes chemical sense!

bz =108 ¢ =047

10,8 LA (-10.8) %~ 4 (49) (6,49 )

i 10.¢ + Af20.6

X -
2.(49)

- 78

= o><é or 0.0639

This value for ‘X' results in negative concentrations for both phosphorus frichloride
and chlorine gas at equilibrium. Since this is impossible, we must discard this
solution!
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Spec{gg Elmh}.\]

A [Ettu'u[fbcfvm]
[ Pela Ol =0, 10M | —% | ©-100~x
Co | SEFEr=00100M |~ X | 0,100
PC\s O M + % X
X=0.0639 M Equiliorium

Number of moles of
concentrations

each substance
[ PCL1,1=0.100-0,0639= 0,056 M w.00( = 07 mal PLI3

Tcl, } =0.100 - 00657 = O.0B6l M xU.00L = 0.144 med iz
2

C Py = 00637 L 0,063 M Yool = 0156 el Pl
s — ’

Quick comparison of initial and final states

0.400mel PCY2 K .4 O.,1HY mel P613
C‘ -
O 4 o0 ff\-{)\ C[’Z—

NV

O0.144 W\.oi (’IL'Z,
0.256 wnol PC}S

INITIAL STATE

EQUILIBRIUM STATE



22 An 8.00 L reaction vessel at 3900C is charged with 0.850 mol of nitrogen and oxygen
gases. Find the concentration of all species at equilibrium,

Nytg) + Oqlqg ) == 2 NO(3) Kc=0.013

|< = 0.olLYy - [ NO }L We need to express all of these concentrations
S in terms of a single variable.

[NV L0, ]
S@@C{es Ej—“‘*;ﬁv\] N EE‘[\’"[f'Lt‘fvm] Let X' be the change in
= Y o.‘&somal_, — . Cpncen’rro’rion of
2 —gaer. = O |66LS M X 010625 ~ ¥ nitrogen gas.
O, |28 ojoism | —% | owers-v
NO &% +°) ¥ 2 x
2 "Z,
[ vo (Ly)
J = L = 0,6113

BRIN-TR T (ou062s-%) (016625-%)

We need to solve the above expression for X' to continue,
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(7_7»)1

(0.v0625-%) (010625-%)

= 0.0112

( L\h)l , Solve with quadratic OR

(00625~ %)"

RN
O.10625 ~ X

24= 6.017%3695—0.110F0S3¢C51x

= 0.1{0F0S 3¢5 |

2. A10F0S3C51x =6 .01]7%3699
¥z 0,0055%LLIYY

Now, use 'x' fo calculate equilibriumn concentrations:

My = 0106105~ = 0, Lol M
(o) = 0-1060S~% = O, o]l M

Livel= L= 0.0112 M

We know Kc = 0.0123 (small), so we expect
reactants to dominate at equilibrium. (They dol)

od simolify by taking square root
,\/ 00113 of both sides!

S(Je(,{gs [Ea[u][fbrivm__l
NL 010605 ~ %
O'L O 10625~ %
NO Z2x




