1.

Cyclohexane can be cracked to form benzene and hydrogen gas by the following
reaction:

CsHi2(g) =2 CeHe(g) + 3 Ha (g) AH® = +206.1 kJ mol™
AS® =+363.0 J K mol”

a. (6 pts) Calculate AG® for the reaction.
06" =TS TAA"

= - 30106, Vs = Ja8R (3e3.0 %n._v:.}

(ﬁ(:n = 4+ QMa3 I/mul_w

b. (7 pts) Will there be a reaction if C¢Hg, CsH,2, and H,, each 1 atm partial pressure,
are mixed at room temperature? In which direction?

3
A = AG* 4+ RY A4An P(ua) ?}{G‘uu‘)
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Al = A6°= +91920 YmoL
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c. (Vpts) At what temperature would the mixture described in part b be at
equilibrium?

Eﬂg}i\;brium AG = AL®°= O
Ob v ﬁHﬂJ Pat-S |rﬂd,._.P, QJ‘ -\gw_P
Nl®<  AHS - T 28
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3. Consider the following process: COCI; (g) €= CO(g) + Cly(g)
Equilibrium constant, K, is measured at two different temperatures:

K(635.7 K) = 0.01950
K(760.2 K) = 0.5183

Assume 1deal gas behavior and take AH® to be independent of temperature.

a. (6pts) What is AH®?

]I. f\': - AHUI [_L "l
NN - = R - a—
Ky R g T
fn 0.5183 _ _ Ay > SRS -
6.0a50 2.3 4 VoL T3 (s3S.1K

F}'T"-u =+ 05859 j/an.‘

b. (6pts) What value do you expect for the equilibrium constant, K, at T = 500

Kelvin? - i
l'\""‘t KS&O & - |05%SS me;_ '_I.___ 5 _l._
0.518% 2.314%weL 1 Soo Kk Tl.ax :

&7\45% = 8.4ag x10”°

c. (opts) What is AG® at T =500 K?
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4. A single stranded oligonucleotide that has complementary ends can form a base-
paired loop. For the oligonucleotide AsCgUs:
CC
AAAAACCCCCCUUUUU € K, =2 AAAAA C
gulg C
CC
a. (10 pts) At 25°C, the equilibrium constant K; = (.53. What are the concentrations of
the loop, [Loop], and single strand, [SS], if you begin with 1.0 mM single strand?

P X
K = 0.5 = T Loor] .
Css 16-2 -
§3x10°% - pBax =X D 53310 = | 8% x
1-53 .83
[x]1 = [LoeoP] = 3.HL x\0™M M 2| 0.24k mM
L5012 1072-X = (,.54x10M F 0.L54 mM

b. (10 pts) At higher concentrations of oligonucleotide, another reaction becomes
possible. A double stranded molecule with an internal loop can form, [DS].

Cy
2A:CUs €K;> As U At25°C, K>=0.86x 10° M.
U:: ﬁs
Cs

Calculate the concentrations of all three species: [SS], [Loop], [DS] at equilibrium
when you begin with a solution containing an initial concentration of [SS] = 0.1 M.

i [s31+ CLoobl 4+ ALDS] = 0.100M
ko= 221 . 5gua0?
2 Bsi® x\O™" = E’DS] = [<s]? K,
K,= ELo®l- 555 —5 [loopl= [s510.632
ss]) T

K,
551 + 0S3LsS]+ 2 (0.86%102)[s5]2 = 0. 100

0.01n% (SS1° +4SufEs Y Db =06
wne gyroAodic eqgaotion 4o Solve o [(557] =x

[591= (.53 x10-* M ) D> 1= 3-[49[-’7?&[{}'5“}
[LDDP]T-%-LHnleO"'H



5. Active transport in cells drives substances from regions of low chemical potential to
regions of high chemical potential. The sodium-potassium ion pump in the cell
membrane is an example of an active transporter. It drives Na* out and K in with the
following stoichiometry:

3Na'(in) + 2K"(out) - 3Na'(out) + 2K (in) In Out

a. (7 pts) What is the sign of the free energy change of the sodium-potassium system
assuming you begin at equilibrated concentrations of Na* and K*?

O Urive *an%vpm’!- ias AL >0 pocomns i+ (s ot oo
Sponkaone curs Nocens

IAC:"? 0 p%iﬁﬂx

b. (7 pts) Write an expression for AG of this process.

G = AG®° + RT &n o
AG = A6®° + AT 2w | [Naow)]® [.K"fih”}__lf

[har (1 (K2 (o))

¢. (6 pts) Suppose another, unrelated process, reduces [Na'] outside of the cell by a
factor of 2. How does this change AG? (Be as quantitative as you can.)

& 3
AG = AG®+ RTLn E”—“‘zi_@}l TK"{MI
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a. (2pts) What is the equilibrium state for this system?

Tairod Stole

?h’- g ?: B =
"P,Ir.i P: = P ’ﬁp. n‘ﬁ
"Ei:ﬁ)-.ﬂ(hfiﬂm Stolee
Ins = X A £

b. (3 pts) Write an expression for the free energy change from the imtial stais to the
equilibrium configuration.

Abomixz O K1 n Apo+ Np BT Xn Xa

¢. (5 pts) What is the equilibrium state of the system if the left balloon is rigid instead of =
flexible? L r Ny n
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A A nﬁ. r\hh:l",.,,’ﬁ"6 LA -
¢ T r r ing
nh R,T= ﬂh RT nh’gf_nh_“h Uf/-i'nﬁ..ﬁh (“ﬁ,l'n}'):: MF
g g r r NA
Na -Na 2 4| r it
T Na Ny +N
P

4 A C—
ﬂ: = "ﬁ& = mﬁnﬂﬁ
B e
o
Ne s 1;1::-51.%%15& ot AR @T‘Dﬂt




