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Physical constants, conversion factors, and useful equations

Physical Constants
R =8.314 J mol' K

=0.08206 L atmK mol’
= 0.08314 L bar K* mol"
N4 =6.022 x 102 mol!
ke =1.381 x10%8 J K
h =6.626x10%Js
F =96,485 C mol"
c =2998x10®ms”
g =981ms?
e=1.6022x10°C
£,=8.854x 1012 C? J1 m?
B =0.51 mol¥2 dm?2 (in H20, 25°C)

Other Units

1dm3=1 L

1dm3=1000 cm?

1J =1kgm?s?

1 atm =1.01325 x 10° Pa

1 atm =760 mmHg

1 Torr = 1 mmHg

1 Torr = 133.322 Pa

1 bar =10°Pa

E =hv

c =vid

PV=nRT

(RT)/F = 25.6926 mV at 25°C
In(x)/1ogi10(x) = 2.30259 for all x
In(1-8)=-8

if8 <<l

Sequential reactions:
[Bl=(k1/(ko-k-1)) Rt)[Alo
f(t)=exp(-k1t)-exp(-kat)

Michaelis - Menten equation:
(1/Ro)=(1/Rmax) + (Km/Rmax)x(1/[S]0)
Lindemann mechanism:

Kuni = kikz[M](ka[M] + k2)!
Langmuir isotherm:

0 = KP/(1 + KP)

Note:

Important Equations

K A i
A=—,a@=— and I==) ¢z}
c Ag Z,Z-CZ

log,,¥=-z/BVI and log, ¥, =- 7,1 7| BYJI
Am = Ay - K (c/co) 2 (strong)
1/Am = VA + cAm [(A%)? K | (weak)
AG®sovation =(1/ Er- 1)22€2NA/ (87’(801')
AG =-pFE and thus AG® = -nFE°
¥ z 3\
=g KL m[ [PIZ) ]
F [AI'[B]
AS = nF(dE/dt)p
a,™" = a,m3 " for AnBy
K = [2e?Na x (1000 L m?)/(eckaT)]M2 % [Polvent Ver] 2
EeAgCVAg = +0.222 V

k = A o &'"T
k = ﬂe-a‘c"mr
h

Ez = AAH-PA*V° + RT (sol)

= AAH°-ZvRT + RT (gas)
AGY = AHP-TASY
t2 = (In 2)/k (1% order)
fluorescence lifetime tr = (k¢ +kq[Q])!
D = (1/3) Vave A
K = (1/3) (Cv,/Na) Vave Ny A

(Cv.e/Na) = (372) ks

n = (1/3) vayeNpAm

Vave = (BRT/(nM))?

Npd = 1((¥2)0),

A = RT/(PNa(N2)o)

Np= Q;J_IV ) =PNA(RT)

o= nd

Xoms = (V<x®>) = (2Dt

Poisseuille equation: (AV/At) = (mr*/(8n)) AP/ AL
Stokes-Einstein equation: D = ksT/(6x nr)
if r(particle) >> r(solvent molecule)
Ostwald viscosimeter: 1 = Apt,

Capillary rise: h = 2y/(dgr)

Quantum yield/efficiency = & = moles of product formed / moles of photons

absorbed
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1. Investigations of high power cables showed that copper atoms were assembled

beyond the insulator of thickness 20 mm which created a short-circuit, Taking
the diffusion coefficient of copper as 7.8 x 107 cm?®s™', estimate the time

required for a copper atom to cross the insulator. (Hint: use the root mean
square displacement xqms as traveled distance)

1 month b, 25 days c. 5 days d. 10 hours €. 67s
)(7,”15 — V/Z_.I’) é'

2 2z
9 e TS (20007 em)

—_—— -

2>

28 2" T em

= Z S64 10>=s

= 2 569 mﬁs-% i’—l!—"

‘354«":75
= 212,34

_ Lo
= 279,68 A > B0A = [ oty



2. Upon adding sugar carefully on top of a full cup of water of height 10
sugar will start to diffuse slowly with a diffusion coefficient ofid5.2x10 cm?
s 25°C. Determine the percent of sweet water vs unsweet water after 1 day.
(Hint: as above in problem 1)

9.5%

b. 35% Kyms — JePE
c. 27.3% =

d. 50.5%

e. 89.4% =

yA 3 weet water = O 948 com
12 e

WA R A



Liquids undergo a pressure drop when flowing through pipes. Assume a liquid
flowing in a 6.00 mm radius tube for 1.00 m length at an average rate of 0.66

mL min" with a viscosity of 4.0x10” kg m's™ K;mn determine the pressure

that should be applied to correct for the pressuredrop.

86 mPa b.21 Pa ¢. 25 mPa d. 68 nP e.55¢Pa

gl_!,_ 7’ AP
At g

RIS,

2 Al

aP = 21,
Ty “&
3 kg
g ¢ 10 M 3 3 L
= " 7 | OO ug <« O L6 10 —-TM
(40 m) !

ke L
= S8+ —‘é’—' -—!—"f . —
o S 1 M4 ¥
“‘?‘ £
s mu
S8 ,_Lﬂ cﬁm

4;: S min

= 31 & L (w "’H)

4»1\{5 605

= ST 7

[ Pm 12 = Rz L

2. sz i = [_jfa
‘m-SL
AP = 2, 086HHS Fa = 8& m Fec



4. The diffusion coefficient of SFs in SFg gas at 573 K and 1.00 atm is[l .02

x107 m¥s.
Calculate the collision cross section of SFg at 573 K and 1.00 atm where the

average speed of molecules is 288 m/s.

b.25 nm? c. 5.2 nm? d.0.52 nm? e. 0.052 nm*

_ !
ﬁ - 3 VDH/C /\_
——— 7
g -
32 7 1 R
3 D 3 1 (‘OZ ~ ’O T
A Norve 288 2

7 gz A
A s73 K

23 -7
022: 1¢ 4,4‘7/@ ;2, ' /|062_§1p ”-]

i

p——

5
(01325 0" Pa b

= $.959 1077 e

—;1;1/—'7' MJ\ M
e

= T\ ot AMm ~
( (& "—_/1_/ - 5',75—7( | & M

[ 4

-
2.
-5 -
[ m™ = (11077) o ® = [ <o {gfmz‘
a

SIS 4™ —co o

i

— "_'jg :
O = S1,.95% o™
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5.

2

N
Determine the ratio of the thermal conductivities for Kr (o = 0.52 nm2) versus |
Ar (6 = 0.36 nm?). Molar masses: 39.95 g/mol for Ar and 83.80 g/mol for Kr. . ﬁ
@r b2 ¢ 10 d 15 e. 100
3
K= Fuks L S
3 3 S Vave P
A
_ = L /
o _3—[ %[43 ave TP A 2 ke? ave /O/(
/
%/\ = =~ 7£<;7/ loéa/é G 7 7
i (
K = ZLE’ Vave O =
v N VM‘QCK"_)____, G;w
HAV ‘V’add (AV) G:o:,r
SRT
Vave = ™M
= L e
Moy
Oy
: — s 7
_ J 3995 p, 3¢ Jﬁvq;é'? LU, 6923
g5, &0 p.S2-
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6. The ¢lectrolytic conductivity of a solution mixture of 0.1 M KCl and 0.2 M

XC| (both of which are strong clectrolytes) is 3.82 S m™' . Calculate  for X™ in
Sm? mol”.

[Note: Ax,=74%x10"; A .=7.6x 10> Sm?mol” and A = « /z, |
@4.00 x 10 S m2 mol”
b) 5.00 x 10§ m? mol”

¢) 6.00 x 107 S m? mol” :‘//(kft/\@d_) oY

d)2.00 x 10 * § m* mol’’

Q0 = i1 (Ked) + K’—(Xe%@/%

&l [/Lybj—/(&" )(&',ZM

) 19.1 $ m* mol”

:/[y,r\a,lm + /{(a,'a&M + /(;«0,%

A _ K‘,"/\K-ﬂﬁ,l/ﬂ—kfa"‘ﬂ‘gM
+
X o.M
' = ’”’("/ mol j _ 3 __”Jf‘i
[T = T T = *——"_'/_:’—-—H = Jo 2
o™ (10 7"m) 7
Y ~3 5, % 3 ol
/.l _ 382, - RN ffz 0. (0 m&?) __?16,/0—5&;"—’”_!3],03&
g 20l mk
. ’7573
=
,_-————"_—___-_’ — s
’}n(—’( - 4(00 N
200 /0 — P37

>
e
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7. The thermal conductivity of an ideal gas

is proportional to T'?
b) is independent of T
¢) decreases with increasing temperature

d) is inversely proportional to T
¢) is proportional to T

_ 1 Gy _
R=3 —— v, M A

O
A

2.

o > R ‘L
e @ 2 hp Vave G— el

L(B(cr Ao et c:é/M/ on

J - ERT
\’a ve i
AW, 4)
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8. The mean root square distance travelled by a He atom (molar mass 4.0 g/mol)
at 25 °C and 101.324 kPa pressure through air (D = 1.256 x 10 m’ /5) in 10

minutes is (h}u+.' s Ko, c}:jtg)h } ) }
(aJ039m
b. 0.075 m* xvm_s = \/?D?
b. 0.15 m?
c. 25x 107 m? o
e. 0.27m Z - 508 K

Y
= 'JLL,IZS\g"/‘Q ‘:’m;""‘ 10 v im ™

= \/m
4

Vi Wiy]
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The ratio of diffusion coefficients of hydrogen gas (H;) relative to deuterium
gas (D»), assuming they have the same size, is

more than one at the same and constant temperature and pressure
b. less than one at the same and constant temperature and pressure
c. equal to one at constant temperature and pressure

d. not affected by varying the temperature or pressure

e. equal to one if collision cross section ratio of Ha/D- is equal to half

/ | ¥RT  RT
FON . 73/{:; Jz S Hy
( SET R~T )
TCN AL 200 /b,

15
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o725 0"
f&’ﬂéma
- Itst’%‘l?( )D—ZJ [(

@ﬂ(ﬁ/l/
10. The diffusion coefficient for a globular protein molecule in a solvent iJ6.48 X

107" m?/s at 25 °C. The viscosity of the solution at 25 °C is 9.41 x 107 kg/ms
and the density of the protein (pure solid compound) is 7.82 g/cm3. Assuming
the protein molecules to be of spherical shape (globular protein) and much
larger than the solvent molecules, what is the molar mass of the protein?

S{‘ok@q ~ E/n ofzesn egeca Kies §
@907 kg/mol

b) 174 kg/mol

Kol
—_—

¢) 90.6 g/mol

d) 17.4 g/mol

——

/grc)‘l(@/f\"r > solveot
éxf"z &y

fen 7
Y = ————
é‘rr? D
¢) 0.906 g/mol _
% ,0'2—3 298 IS K
— I, 28 K |
Lo gl B2 g ug i o'C m =
#e S 5
= 3,582 007
V=1

1
32

i

el
10" 2 ks
oAV = 2,82

4
mﬁé:—:

1,5‘0;931“,0"2" lcj v 6,028 10

m;c/g‘/
Setsu Y, o = $utb
06, S2

Fo# e
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1. The electrolytic conductivity of a ¢.0312 M solution of a week base is 1.53 x
107 S/cm. If the sum of the limiting molar ionic conductance for BH' and OH
is 237.0 S cm®/mol, what is the value of the base constant K,?

@1.36x10'5 B+ 4, O = BH 4 oH”
by 5.21 x 107 b
¢)2.63x 10" Lrt) [ o)
d)4.51x10° K, =
e) 1.12x 107 ()
2
f N ?
Kb = }D(D( CO Q\ffb\/q &'j_s' O/{ [«/LK'C/M /ﬁb/
L= A L e Lf&:!o’y“%m
= == A = -
4 < 502 "X
4‘,«70%?0_3 < v é
3
= G —— ol
4, 904 107> el
= 4 Gl S RN 2
mel con (10 em) = ,90% B
Tl
X = D~ = 47904
T o N = 0. 020467
A 234, ©
2 e M
K, = =5— 003127 = [36¢ (107 —
c¥= | M
-
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[2. Water is transported upward in trees through channels in the trunk called
xylem. An average value of xylem diameter is 2.0 x 107 m. What will be the
maximum rise of water in the capillary xylem channels, assuming complete
wetting and the water surface tension and density are 71.99 mN m™ and 997
kg m™, respectively?

147m C‘G{f/"Z(cZ/y Yise A ‘Fo/ Cc:m/gé?[Q

b. 0.74m Weltting ¢
c. 25m
2 . ':’z( ‘f‘ -3 ﬁ.
d. 025m /,,,;—_,,_i_ = 2 41 lo m -
e Sam Az J7 7 —E%wﬁ\gz RN T

It
e
~+J
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13. What is the cell potential at 25°C of the cell,
Pb(s)| PbSOu(s) | HaSOy (m = 0.100, v = 0.265) | Ha{g) (1 atm)
given that PbSO, (s) + 2e- — Pb(s) + SO (aq) : E°=-0.3505 V?
l 0.228 . - o (3] + 2™
B) 0814V vight rec
C) 125 V T | cs /o) + H1 (2

D) 221V

s> pt+ 2e7 Hy

]

E) 0.604V L +£° [0.0)
4o E BrlTou= "~ Thirw, /
(Yl‘gl\{‘ — &/7&")
£ @/gwmy—f‘ Ffre7 v & cbpe o m
U EY= 0, 2505V

2%/‘% / /WJ)(,

9
o  esIlélmV P
E—:E - /&j 2
L ‘G 2
R/—H‘ ﬂ5q12~
= 0.3 \V4 . Z-
Ses 29,58 mV [67/0 [O(Hf C{J%L* )
g4 = 2
+ ™»m - =
H Hz 9 @t( ( " _Sqr 1 Hyo c:c(
™Mo+ e~ = Y 3
H Sq, = ’)"'11,_1;?/_‘0‘f
2 5 19 X
o, + 22— -
H QS‘:’H & L{m/-fa.fq{ XI
2MYE7
. -3 3 -s
= 4 02657 0 = RAME o




E = (35 v’ -+ 2.7 85 i[_(;)“‘g Vo Zc;/? Z’.H&f,\ /K/..-#)

- 022814 VvV = O 228 |/



29815
14. If AS® for the reaction of Cu*' + Zn —Zn** + Cu (E%n = 1.10V}yat 298 K is
-30.9) K™'. What is E %, at 50°C for this reaction?

Eay
1.096 v A 59298 K) = —30,9 /p(

B) 3.512 V

C) 2.230 V AS = o F [PTP
D) 0.2i3 V
D F
E) 0.762 V - ~ ™ _
EE—§T+/PTL 77
(?_fi) - Afs - 30,9 §L//(
T E T

==/, 4> | mPL’ VAS /i
As

~1
==~ 6Pl 0 /K

. DE
£(soc) = E(25%) + /':;?’);, (7.-7,)
“L(l/ o
= lo V - Lol o FSDT -25°c)-

= ‘10?6\/

20
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15. Given that

Pt(s) | Ha (g, ez = 1.00) | H' (ag, an~ = 1.00) || NaCl(ag, m = 0.300) | AgCl(s)
I | Ag(s) E%pw= +0.260 V. Determine ycs- assuming y= = yna+ = Yor-

FPeelt
@-760 ’%’HL 7 H++ e E,o:-(/‘g 4 L&’/L—A
B) 0.253 Aglel + e” = Agt 4T E®=p 2V vight
. poct () + LH ) = Ay Tt € lag)
E) 3.45 EC = £%(7)5L)- E O//Z;H/ = 0,222V

: Ec-,gg(: Fa C.o5 g6V f&yto [OLH-f Q@e—)

) -
?I‘V(’/V( a(H+ = ’Loa
Y4 T 7w o Yeem
O 260V = 0,222V —ops72/6 V [%a [1.0 03 X@_)
/I~ i,
0038V = — c.osg16 V Zej}'o (o> &, )
[ ' ‘
- (o:> Bj‘é’a“‘) = —E723
_ ~C. 6723
002 Y, — = (O = O 2279
y% = PRI O RS GF = O FEO
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16. What is the solubility of CaCOs (K, = 3.4 x1 0} in an aqueous solution with
I=0.0250 mol kg™

@.22 x107* mol kg_' I = 2.025C
-4 -1 .
B) 2.44 x10 " mol kg /éfla/ = — (/1?3 ,&+[%,|.\/I/IM
l . r T
C) 3.62 x107" mol kg 22=¢

D) 4.17 x10* mol kg™ 23 \/0(()‘:?_5‘

f

E) 521 x107" mol kg '

= — 0. 72419

0.7 .
5, = < = 0,976 <%

i

Heo 24~ )
C’C"( CC?; — (= (a7)7‘— C%L (qj/

2 2

S SOQ(Q)‘Z:WL} = A X (Mt T Coxl ., e Jdézfcf'ow

Kep =7 4
< = \/a/S/J _ \/33['(&!0 = [LZZ(%)')D %7
ad o762

22




17. Which of the following is true for a 0.0120 m solution of Na;PO, at 298 K?
(Assume complete dissociation)
‘ H2 0 “+~
}' = 0389, a.=00106,1=0.0720m L — ) [ (e
389, a. Wy pay P 3 Ao jj/‘
B) y.= 0580, a.=0.0204,1=0.0820m + Py, (=)

C)y.= 0645 a,=0.1063,1=0.1420m —
CA/Q,-F > %Dbj PO,_T =3¢

Cpo ¥ = g
0.623, a.=0.0106, 1=0.0720 m " M, Pe, = <

= <1 (3a (1)t Q(ﬁg,)l)

:;éc463+3)

i

Dy y.= 0.789, a.=0.5106,1=0.3720m

E) 7.
2
D

l = 2{“ Z C_;!‘ L%f

= £ = 40,0120

127
= 0,0420 m
/&% == L33 (21)=3) o o9r
= -8.949%2
o2
XI = e ~ 0, 35573
= &, 5 &5

3
[0, 038 ) « Co(Z o 1

~3
= 5, ST?5RN|C %
7 " Py = P, 022 385,

t = mi‘yl = 00233885 . 0 3587 = p,ofcb 7

Vg
“ 23 =0, 006




18. The equilibrium constant for the following reaction is 5.12x10™. Calculate the
extent of hydrolysis fora 0.210 m solution of (CH;):NH that is in 0.500 m
NaNO; if y£ is 0.428.

(CH3);NH (aq) + H2O (/) > (CH3):NH;" (aq) + OH (aq)

JCcH), WH) = ¥y Co = ©,210 M

110.9%
Z"/D‘/‘ij = 0.5 mMm
B) 25.2%
C) 5.4% Y, = o428
D) 34.0% 21
£) 17.4% L\yof’r’r?()/ '—‘Z—Cﬁg Sin ¢ ccon X = o ©
fyylo = ’ m°£/£7
> 2_
;(—5——)« e — X
2 2.

Kee — Kx = x“ ¥y,

2 ~4 ~4
0, 182180 %% + S 210 "~ [[0rs2,00 " =,

X 27150 10T < S EPS o ! =5
= L /- - T T——————
xl(;@) - E,Z\ 2\??5‘00’6) 36-5 /%lglzc?‘”j i2t3Lf7ZS"10~i/

= :‘;{Z“L’%‘?JD 0”7 & /2(3&32: 110"3\/?
= Ji [«Z‘SUMD\/&‘-” t+ 7. 041853 J

24

=4 )oousz3v) = p 02256 ¥

664/9' M
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YL of > o0
é[/tydfﬁ('?'—g“s = oY ©

D0 2LBES e
— O L7
o, 2100

\

0 .87 7o = [0.9%,




19. For the reaction A + B yields product P for different sets of initial A and B

concentrations the following initial rates Ry were found:

[Alo (mM) [Blo (mM) Ro (mM/s)
0.230 0.0310 0.525 (
0.460 0.0620 4.20 2
0.920 0.0620 16.8 b,

Determine the rate of reaction with respect to A, a, and with respect to B, f.

a=1,B=2 0{2 )

B) a=2.p-1 =k [A] [33 =R,
C) a=0,p=3 OL’é
D) o=3.4=0
E) o=3/2, =372
Ko a0 LANK e A
T i =0 < (o)) < [2)T s o
/gqﬂ(?,&"———oc,@,,g,r > L 2, 25
o T C
(72 N _ (9__5}, Z o031 \>
= S 0 = (o) (B) - e’
P 0125
0.5 = To= =05 =D o=t
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20. Substance A decomposes in the atmosphere in a first order reaction A yields P.

The half-life of A is 2.5 s. After what time will the initial amount of A be

decomposed by 40%?

1'845 k = ’8/.)2 = Ll

—é>//2_ 2.5
B) 0.54 s ¢
= @ 2773
C) 0.303 s
73 c[ecom/oaff&f Ly 407
D) -1.845 5 =) 40P o, s (e fF
E) 3.30s -~ kT

':7 O = Dtéqoza{oa

= — IO _ —~,Zn9£

k &(2‘?‘;‘3 5‘—“/
= |84 (e) s
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21. When the activation energy of a reaction 2 (2E,), rate constant k,, is double

that of a reaction 1 (E,), rate constant k;, what is In(k,/k,) in terms of x=E,/RT

when both reactions have the same pre-exponential factor A?ee  ¢he  fezppre fc“;ﬂw%

, fov Goth 7
g _ Ea/ter

k,= A€
B) 2x _ ZEa_ﬁT
kL:—- A<
C) —x
D) —2x l(( - EEL//?_T t 2'&//@
P
2 _
E) 3x ) 6_4—4@(——/ t2) ':‘1//37
X
= & ;X = ﬁ/ﬁ
k
= L
o =
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22. For the Lindemann mechanism, when only reactant A is initially
present in the reaction mixture (no buffer gas M), derive an
expression for the concentration of the activated reactlant
molecules, [A*], using the steady state approximation (SSA} in

case of very high reactant concentration, [A].

Mechanism: 2A <=> A* + A forward rate constant k;
backward rate constant k.,
A¥—P rate constant ks

A [A*] = (ki/k)[A]

B) [A*] = ki[AT/( ki [A] + ko)

C) [A%] = (kifkn)[AT

D) [A*] = ki[A]?

E}) [A*]=ki[A]

T O = kT k(A K O
2 . P
0 = ki [A) _(k_kmj»ckl)[ﬁj

*J _}_‘\_@L____
Eﬂ k‘t [A)+ ko

[ [C_l EA’J > kz_ lecm Zﬁ) S e s A/}4
ko LA)T

! 3
+Y — K
(A = T

28




23. Is a quantum yield of ® = 2 for the formation of H; consistent with

the following mechanism?
HBr + hv — He- + Bre
He + HBr — H; + Bre
2 Brs — Br;

@)\10, because ® = 1 for the formation of H; D&C@/ﬂ/ﬂ 2% /(/ 27
B) Yes, because @ = 2 for the ﬁmﬂﬁ%m;/

C)} Yes, because @ = 2 for the formation of B, 71 01 é = {
D) No, because there is no quantum yield involved in this mechanism

E) Itis not possible to know

L o => J HB¥ a&c-oﬂgﬂ,)g(/ C;AHBY:_&

| He fermedd C;!HL ~
L By, Sorped gfgy =/

7(7[1%5/ H[ CZ%{L‘;Z then  the MC int s 3y
C«’/‘iﬁncﬂl— é’"f (or/C’c-7£,/

29




24, For the enzyme catalyzed reaction CO, + H,O <=> HCO; + H' it

was measured that 3

[COz]eSmM) Rate (M/s)
1.25 2.78x 107
20 1.07 x 107

Determine the maximum rate Run. and the Michaelis constant K,

assuming a Michaelis-Menten mechanism.

@Rmax =1.32x 10 M/s, K, = 4.69 mM
B) Rpax = 7571 MJs, Ky = 4.69 M
C) Ry = 1.32 M/s, Ky = 4.69 M
D) Rypax = 7571 M/s, K,y = 4.69 mM
E) Rpax = 1.32 mM/s, K, =4.69 M

el € W&o vey — J'??).'J-f r/“/:ﬁl&? < "‘fﬁ-f & ?Cflﬁ-’/"f
- - &

{ / K

T — e Hy '
: R L

/% ey

>/' =

R }yuc'q_;.{ (C@:I{’
{8

f:a T Ot
o - K
Y= L = < - )
I ] }‘?\Lﬂﬁx JII = /:) | XN —-L..___
Shce /r_r_',z_)
A ©
AL = et
23 ¥,
2.8 f) - S
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25. The densities of acetone and water at 20°C are 0.972 g/mL and
0.9982 g/mL, respectively (1 mL = 1 em®). The viscosity of water
is 1.002 x 107 kg/ms at this temperature. Water requires 12{1(0"—5;)
flow through an Ostwald viscosimeter, while acetone requires 40.5

s. What is the viscosity of acetone?

@3.28 x 10 kg/ms

B) 2.90 x 107 kg/ms
C) 1.03 x 10 kg/ms
D) 1.00 x 10 kg/ms
E) 0.56 x 10™ kg/ms
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