CHEM 130 Name
Quiz 9 — November 18, 2016

Complete the following problems. Write your final answers in the blanks provided.

For problems 1 and 2, consider the mechanism below that has been proposed for the spontaneous

gas phase reaction of chlorine gas with chloroform (CHCI;) to produce carbon tetrachloride (CCl,) and

hydrogen chloride (HCI).

1.

k1
Clx(9) = 2CI(9) Fast equilibrium
CI(g) + CHCl; ‘¢ HCI(g) + CCls(q) Slow
CCly(g) + ClI(@) < CCly(g) Fast

If the experimentally-determined rate law is: Rate = k[Cl,]"’[CHCI3], is this an acceptable
mechanism? (9 points)

Your first step would be to check that the stoichiometry for the sum of the elementary steps
matches that for the overall reaction. In this case, it does.

Then, determine the rate law for this mechanism, starting with the rate law for the slow step, which

is the rate-determining step.
Rate = ky[CI[[CHCI;]

Since Cl is an intermediate, we need to find an expression for it in terms of reactants. Because
step 1 is an equilibrium, the rate of the forward and reverse reactions are equal
ki[Cl,] = k4[CI]?
Solving for [CI]:
(ka[Cl])/k1 = [Cl]z
[CI] = ((ka[Cl2])/k 1) = K[CI]"

Inserting this into the original rate law gives us
Rate = k(K[Cl,]Y*)[CHCI4]
Rate = k[CIl,]'"’[CHCI;]

This does match the experimental rate law, indicating that the mechanism is reasonable,
assuming the experimentally-determined rate law is valid.

Note that since the third step is fast, it does not contribute to the overall rate law for the reaction
because the kinetics are dominated by the rate-determining step.



2. Regardless of your answer for part 1, draw a reaction coordinate diagram corresponding to the
proposed mechanism. Label the axes of your diagram, as well as reactants, products, transition
states, and intermediates. ldentify the activation energies for each step. (9 points)

> Since step 2 is the rate
- determining step, it presents the
largest activation barrier for the
reaction. Hence, the second peak
in the diagram is the highest.
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3. In no more than four sentences, explain how a catalyst increases the rate of a chemical reaction
while not changing the enthalpy of the reaction. (7 points)

The catalyst provides an alternate, lower activation energy mechanism for the reaction that allows
the reaction to proceed more rapidly. The identities of the reactants and products, as well as the
stoichiometry remains the same, to the thermodynamics of the reaction are unchanged.



Possibly Useful Information

*ou| ‘||leH 8onuald uosiead 200zZ ® ubukdon

& = =
913 |2
< ©@ =
I Ml "

S g m
ran ln ..I.l
o

<
o
— (@]
< c li_M_
— - | SE—
+ + +
kg x <
I | <
I [ I
4 e
— — 17]
< < <
£
< < <
=~ =~ =~
1 1 1
i) i) i)
© © ©
- - -

(T92) (652) (8€T) (£8T) (TET) (187) L) (¥4 ] (E¥T) (¥92) SH'LET | 6TO'SET | 9E0IET | SEOTET
T | ON | PN | Wy | sg | 3O | g |w) |wy | ng | AN | N ed | YL SIHS SPIUSY
€01 ol 1ot 0oL 66 86 L6 96 €6 t6 €6 76 16 06
L96'PLL | BO'ELL | FEG'S9L | 9T°L91 | OE6'P9L | 0ST91 | STH'SSL | ST'LST | S96°IST | 9£°0S1 (534} YTPPL | B06°0FL | SLLOFL
ny qA wy 1q oH Aa qL PO nj wg ur g PN iJ D Sallas aplueyjue,
| 74 0L 69 89 L9 99 99 2] £9 4] 9 09 6S 8<
LD (1L2) (892) (LLY) (F92) (992) Z92) (192) 8TOLTT | STO9ZT | (ETD)
S84 | sa | W | sH | ug 8 | qa  qa||dv, | ex |
481 ore 601 801 0L 901 SOL oL 68 88 L8
(2 (012) (602) 08680 T LT £8E°F0T 65°00C | L96'961 | S0'S6L TTT6L £T061 | L0T981 e8I SF6'081 | 6F'BLL 906'8E1 | LIL'LEL | SO6TEL
uy w | od | g  4qd 1L  SH | nv | M i [ sO| 2 | M | eL | H |1« | =@ |
98 <8 L] €8 8 8 08 6L 8L L 9L T4 | 74 €L Tl LS 9< €g
6TIEL | PO69TL | 09°LZ1 | LSL'ITL | OLLZ'SLL | BES'FLL | LIPTLL | 898°Z0L | TH90L | 906'T0L | LO'LOL (86) Po'Sh F906°C6 | YIT'L6 | 6506'88 [4 A B8L91°S8
ax 1 L | 95 | us | ur  pD | 8y | pd 4y | ™ 2L  OW 9N | 1Z A 15 | qy
¥ €9 s 1s 0s 6 sv A 4 9% 114 4.4 £ 4 &4 or 6f 8¢ LE
08°€8 T06'6L 96'8L 9LT6'TL 1928 £TL69 BE'EH 9p<E9 €69°8S | TEER'SS | LPS'SE | I8Ee'PE | 1966'1S SLPH'0S 88 Ly 65Se'th | BLD'OP | £860°6E
Dy | 1g | s | sy | (e | uz | nD | IN| 0| a1 | uN | 1D A iL| % || X
9t <€ 2 £ (4% £ [1}% 6T 8T LE 9z ST ¥ 14 [+ 4 Iz 0T (8
8h6'6E LTSH'SE 990°ZE BEL6'0E | SS80'8T | S186'9T mN m ﬁ . m MW P E mn‘w mm mw. mm Omwn-n.wﬂ 8686TT
I 1 e
SN z1 I 01 6 8 Z 9 S v ¢ PRlle
LBLLOT | ¥Re6'SL | FObB'SL | L900°FL 1zL LIsoL RITID G 1v69
aN E| 0 N s | 4 °g 1
oL 6 8 L 9 < 4 5
3..”84 Vi V9 VS Vv Ve VT | vecoor
341 91 SI L €I Z | B
V8 VI
81 I




