13.4 Colligative Properties
Vapor Pressure Lowering — van’t Hoff Factor?
"" Which of the following solutions would have the lowest freezing point?
aé) 0.15m Cul, s 21 =3 ENEIE = SRR
b)/ 0.17m Zn(CH,C00), Zm* +2 CH,000 © L=3 3x0\1 = 0.51/
c) 0.14m Col, Co** v 21" 73 IAO:NHE OHA
d) 0.47m Urea (nonelectrolyte) L=l 1% 0.w1: O.41




14.2 Expressing the Rate of a Reaction

Average Rate and Reaction Stoichiometry

Concentration versus time for reaction A =2 B
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14.2 Expressing the Rate of a Reaction

Average Rate and Reaction Stoichiometry

A = 289
G\Iei\uae Ro¥e of Reattion = 1 A0R) = _ 1 ALA)
2 At 1 at
* %*
: Yal0aMst) = -(-0.0025M.s")

s 00625 Ms!' - O 0625 M s

% See previous sHide fo see where these numilens come Krom
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14.2 Expressing the Rate of a Reaction
Average Rate and Reaction Stoichiometry

For the decomposition of hydrogen peroxide in dilute sodium hydroxide at 20 °C,
2 H,0,(aq) — 2 H,0(€) + O,(g)

the average rate of disappearance of H,0, over the period fromt=0tot=516

min is found to be 8.08 x 10-°> M/min.

What is the average rate of appearance of O, over the same period?

What is the average rate of the reaction?

O\Imoae Toke 02 ReocYion == _19; DCWa0)

- A0} . g 05105 M. min
at
ATO) | 1 AlHa02) Ouerage Rele o Reachisn = _ALOs)
at 2 at At
A ( Af.\\zoa'))
- 2 ot = 4.04%10°5 M min”"

= 12,(9.08x10° M. m')
= 4 O4 %10"5 M. mim™




14.2 Expressing the Rate of a Reaction
Instantaneous and Initial Rates

Instantaneous rate for A =2 B at t = 2 seconds
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14.3 Rate Laws
Concentration and Reaction Rate

O chold come as wo sorprise tha¥ e Rale of Bormalion oA Tissopeoramce is
directly proporfionad Yo the comcembaaion.

oA + B = cC 24D

dmrad Reacion Aok = R EAYCa)?
X: 1% neﬁume& Yo as the orden wth RESPES o A
y:oe refenred Yo as the onder mith respect Yo B
%+ 4 : 15 the overolf onder of the reoction.
R 15 the Rale consYomt

Note 1° X omd u oRe Mot necessaniVy equdd Yo 0 ond & Am Sact
% od y com only Qe deternimed experivemVollly

Note 2 Our discussion @ eiolly %e confured Yo orders, 0,1 amd 2.

Yor A: Zero ORder -  Amtiad Rode : RIAY
3mst Oader : Amibial Rave : RLAY'
Second Oader ©  4mtia RaYe = RIA)?



14.3 Rate Laws

Determining Rate Law Using the Method of Initial Rates

|Exp|[ND]Dr M |['D'3]Dr ™ |Ir‘|itial Rate, Ms™1
N0+03=N02+02 Il Iu.139 In.maﬁ Iu.Sz?
q 2 0.139 0.0872 1.05
a) What!sthe rate law? 5 [n2z6 |04z [ans
b) Whatis the rate constant? a |0.278 [0.0872 [2.11
Evp1:  Roe, = RINO), [O3)} Exel: 0521 = W (0.139)* (0 0436)
0.521 = R (0.1239)* (0.0436)3
. 3 Exe 3 Raoleq = \'-\[ND];' [o;’lg
Evp2: TRa¥e, = RINOY, (03); 105 = R(0.218)* (0 O436)”
1,05 = W (013 (0.0812)3
Rofes . 105 . RI(0215)* (0.0436)°
Rodea 105 _ R (0.133)*(0.0%12)° RaYe, 0.52) R (0.139)* (0.0436)°
Ro¥e: - 0.5% ~ W (0129 (0 0436)3 - .
\ = 2
199 = 2% X =1
g o= 1 Ambid Ro¥e = R CNO){O3)

Exp 1 0.527 = R (0.\39)(0.0436)

N 0.521 . o
R+ ora)loouse) = 869 M's




