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Physical constants, conversion factors, and useful eqguations

Physical Constants

R =8.314Jmol1K!
=0.08206 L atmK -1 mol 1
=0.08314 L bar K1 mol-

Na = 6.022 x 102 mol !

ke =1.381x108JK1

h =6.626x103%Js

F =096,485C mol-?

c =2998x108ms?

g =981lms>2?

e=1.6022x 10°C

£ =8.854x 1012 C2J1m?

B =0.51 mol-“2 dm?32 (in H20, 25°C)

Other Units

ldm3 =1L
1dm?3 =1000 cm?3
1J =1kgm?s?
1 atm =1.01325 x 105 Pa
1 atm =760 mmHg
1 Torr=1 mmHg
1 Torr = 133.322 Pa
1 bar =105Pa
E =hv
c =ul
PV =nRT
(RT)/F =25.6926 mV at 25°C
In(x)/logio(x) = 2.30259 for all x
In(1- 8)=-6
if 0<<1
Quadratic equation:
ax?+bx+c=0
solutions:
X12 = (1/2a)[ - b £ (b ? - 4ac)*?]
RT/F = 25.70 mV(at 25°C for In)

=59.16 mV/(at 25°C for logao)
Michaelis - Menten equation:
(1/R0)=(1/Rmax) + (Km/Rmax)X(1/[S] o)
L indemann mechanism:
Kuni = kika[M](k-1[M] + k2)*
Langmuir isotherm:
0=KP/(1+KP)
l/Ro = l/Rmax + (Km/Rmax) (l/[S]o)
Sequential reactions:

k4 ko
A — B — C
[B]=(k1/(k2-k-1)) f(t)[A]o
f(t)=exp(-kit)-exp(-kat)

Note:

Important Equations

K N 1
A==, a=— and |==) g7
C AW ZZ z

log,, ;= - z B\/I_ and logloy+_: -z z| B\/I_
Am =A%, - K (c/c)Y2(strong)

1/Am = 1/[\0m + CAm /[(/\om)2 Ka] (Weak)
AGPaiation =(Lr - 1)2ENa/(8riear)

y z \!

E=E°- ﬂ In M

zF [A]°[B]
AG = -nFE and thuAG° = -nFP
AS = nF(dE/dB
am™" = ama" for AmBn
K = [2€Na X (1000 L nP)/(goksT)]Y? X [psolvent I/&r]¥?
E°AgCl/Ag = +0.222 V

K =A e—Ea/RT
K = kBT e—A‘G“/RT
h

Ea = AH°-PA*V° + RT (sol)
= AH°-SVURT + RT (gas)
AG* = AH-TAS
tiz = (In 2)/k (1 order)
fluorescence lifetime tr = (ks +kq[Q])?
Ro = ke[ S]o[E]o/([S]o + Km),
Km = (k1 + ko)/ka
ko[E]o = Rmax=V
D = (1/3) \ave A
K = (1/3) (G.m/Na) Vave Np &

PV = nRT = (N/N)RT,
(Cvm/Na) = (3/2) I

n = (1/3) \avdNpAim

f=6mr = keT/D

Vave = (8RT/Q‘EM))1/2

Npk = 1/((N2)o),

A = RT/(PM(V2)o)

Np = (N/V) = PNV(RT)

c = nd?

Xms = V(2Dt)  (1-Dimension)

rms = V(6D1) (3-Dimension)
Poisseuille equationA{//At) = (rr¥/(8n)) AP/ AL

Stokes-Einstein equation: D s K(6x nr)
if r(particle) >> r(solvent molecule)

Ostwald viscosimeterj = Apt,

Capillary rise: h = 2/(pgr)

Quantum yield/efficiency = @ = moles of product formed / moles of photons absor bed
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1. For the protein myoglobin in water at Z0) the sedimentation coefficient s
2.04 x 10 s, the diffusion coefficient is D = 1.13 x 10’ s, and the specific
volume is 0.740 cig?. The density of water is 0.998 g @érand its viscosity is
1.002 cP at the same temperature. Estimate thasrafimyoglobin, assuming it to
be spherical.

A) 1.897 nm
B) 9.114 nm
C) 5.232nm
D) 4.115nm
E) 3.150 nm

2. The adsorption of an organic compound on an Adsbmeasured at 5 °C and
different pressures followed the Langmuir typesotiherm and a fit of/V, . versus

1/P gave,

1/Vads = 2.662 (torr/mL) (1/P) + 0.203 (1/mL)
whereV,, is the volume of the adsorbed organic compoumdlirand P is its

pressure in torr. The fractional coverage of charaba pressure of 100 torr is,
A) 0.203
B) 0.376
C) 0.884
D) 0.430
E) 0.612

3. The viscosity of ethylene at 26 and 101.325 kPa is 9.33 x%kg nt! st. Estimate
the molecular diameter of the ethylene molecule £2.01 g/mol, M = 1.008
g/mol).

A) 2.22nm
B) 0.67 nm
C) 0.14nm
D) 1.19nm
E) 0.42nm

4. Consider the photochemical decomposition:
2HI - H, + |,

With light at A = 253.7nm, absorption of 3070 J of energy decomposed

1.30x 10% mol HI . The quantum yield of this reaction is:
A) 5

B) 2

C) 05

D) 1

E) 10
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5. Liquid A has half the surface tension and twite density of liquid B, at 2%. If

the capillary rise is 0.01 m for liquid A, thentlme same capillary, the capillary rise
for liquid B will be (assume complete wetting)

A) 0.01m

B) 0.05m

C) 0.02m

D) 0.03m

E) 0.04m

6. Krypton (Kr) and Helium (He) are monatomic gases] thus Cm = 3/2 R for each.
Given thatok, = 0.52 nm andowe = 0.28 nm and that the molar mass of Kr is larger
than that of He which one of the following is défty correct?

A) SinceAkr <Axe and Ve kr < Vave Helt follows thatkk: < Kre
B) SinceAkr > Ane and Vve kr > Vave Heit follows thatkkr < Kne
C) ActuallyKkr > Kne

D) SinceAkr > Ane and Vve kr < Vave Heit follows thatkk: < Kne
E) SinceAkr < Ane and Vave kr > Vave Helt follows thatkk: < Kne

7. The densities of acetone and water &i@re 0.972 g cmmand 0.9982 g cm,
respectively. The viscosity of water is 1.002XFxa s at 20C. If at 20°C water
requires 120.5 s to run between the marks on awister and acetone requires 40.5
s, what is the viscosity of acetone?

A) 1.03x1C*Pas
B) 2.90x1G*Pas
C) 3.28x10'Pas
D) 6.56x10*Pas
E) 3.06x1C Pas
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8.

10.

The reaction,

H,(9) + 1,(9) - 2HI (9)
takes place in the presence of light . The meshamhich gives a rate law that
agrees with experiment is,

1,(9) Dk@b 21 (9)
21(9) D%ﬁ 1,(9)

H,(g) + 21(9) D%_» 2H | (9)
The rate law is:

A Rate = KKIHA]
kK, + k;[HI]

8 Rate= KkHL!]
, + k[l ]

= _Kiks[H)]
C) Rate= i + K [HI]

D) Rate= KkHL!]
k. + Ke[H ]

E) Rate:M
k, + K;[H]

The solubility product of $SQi is (y: is the mean activity coefficient):
A) 482V¢3
B) 4¢y.®
C) 433V¢2
D) 4s3y¢3
E) 433V¢5

The Galvanic cell Cu(s)| €@q)|| Ad(aq)| Ag (s) is based on the following cell
reaction:2Adg(aq)+Cu(s)> 2Ag(s)+Cud*(aq). Note that T = 298 K and the standard
electrode potentials aré(Ew*,Cu)=0.34V and BAg*,Ag)=0.80V. Which of the
following statements are correct?

(i) The silver electrode is the cathode and thegeoplectrode is the anode.

(i) Two moles of electrons flow through the exi&rnircuit from anode to cathode
when the cell operates.

(i) The standard cell potential is 0.46 V.

(iv) The change in Gibbs energy for the cell reacis -88,766 J mdlin the
standard state.

A) All statements are not correct.

B) (iii) and (iv) are correct.

C) (i) and (ii) are correct.

D) (i) is correct.

E) All statements are correct.
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11. The flux of a property (J) is related to thedpgat of the transported quantity (grad)

12.

13.

14.

15.

as (0 is the transport coefficient)
A) J proportional to -1/grad

B) J proportional ta?

C) J proportional to -grad

D) J proportional to I

E) J proportional to 1/grad

The Arhenius parameters for the unimoleculanesazation of methylcyanide,
CH;NC(g) - CH.N(9)

are an activation energy of 272 kJ/mol and a preeeptial factor of2.5x 10°s™.

Which of the following choices is completely cortrémr theAH* (in kJ/mol) andAS*
(in J/(K mol)) values (from left to right) at 22T~

A) 268,56.4

B) 270, 63.0

C) 264,63.0

D) 272,435

E) 276,240

What is the diffusion coefficient of xenon (X&)298 K and a pressure of 2.00 atm,
given the collisional cross section of Xeas 5.8 x 10 m? and Mk = 131.29
g/mol?

A) 572 x 10 mé/s

B) 1.81x1C n¥/s

C) 5.43x 16 mé/s

D) 0.18 ni/s

E) 1.72x 10 nm?/s

Which of the following statements is not corpect

A) The viscosities of gases decrease as tempeiratrsases.

B) The viscosities of liquids obey a law of the Agnius type.

C) For gases, viscosity is proportional t#,TT being the temperature in Kelvin.
D) The viscosities of gases increase as temperaictreases.

E) The viscosities of liquids increase as tempeeati@creases.

Given that the mean activity coefficient, in a 0.100 mol k@ MgBrz(aq) solution is
0.524 at 25°C. Determine the percentage differénoee the value predicted by the
Debye-Huckel limiting law?

A) 21%

B) 11%

C) 47%

D) 17%

E) 15%
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16. The following reaction corresponds to eletraaotion of aluminum from aluminum

17.

18.

19.

ore:
2/3A120s -0 4/3Al + &, AGP = +966 kJ mot

The minimum potential required to drive this reactat 500°C is:
A) 1.2V

B) 5.0V

C) 4.5V

D) 2.5V

E) 3.0V

Thermopane windows filled with krypton (KrxM= 83.80 g/mol) provide a ten
times better heat insulation than normal windowsdiwith argon (Ar, M = 39.95
g/mol), advertisements claim. What is the ratiohef thermal conductivity of Kro(

= 0.52 nm) to that of Ar 6 = 0.36 nmM) and does it fulfill the advertisment claim of
a ten times better heat insulation?

A) k(Kr)/ k(Ar) = 0.478, does not fulfill the advertisement

B) k(Kr)/ k(Ar) = 3.03, fulfills the advertisement

C) k(Kr)/ k(Ar) = 2.09, does not fulfill the advertisement

D) «k(Kr)/ k(Ar) = 0.33, does not fulfill the advertisement

E) k(Kr)/ k(Ar) = 0.478, fulfills the advertisement

The rate constant for the second order reabttween iodomethane, GliHand
ethoxy anions, &4s0, in ethanol solution is 9.86 x 2@nol dm3s? at 25 °C and
6.17 x 1mol dm? st at 65 °C. Calculate the activation energy in kJ thanits.
A) 10.4

B) 116

C) 300

D) 40.0

E) 86.7

At the same temperature and pressuxe=D4.4 Ck.. What is the ratiogri/Oxe, Of
their collisional cross sections ifil= 131.29 g/mol and M = 222 g/mol.

A) 5.72

B) 2.60

C) 3.38

D) 0.30

E) 0.77

Versionl Page 7



20. Given the following Galvanic cell Zn(s)Z(aq)||SA"(aq),SA*(aq)|Pt(s). If the

21.

22.

23.

standard potential¥Zn?*,Zn)= - 0.76 V and the standard cell potentizdel = 0.91
V, then the standard potential of theé*®ar¢* redox couple is:

A) 0.15V

B) 1.67V

C) -0.15V

D) 150V

E) —1.67V

What is the ratio of the root mean square digpreent in three dimensions.g to
that in one dimension (¢ for a particle with D = 3.41 x f0m?/s in 900 s in case
of rms and in 1800s in case ofx?

A) (1/6)v?

B) (3/2)?

C) 3/2

D) (6)1/2

E) (2/3)?

The thermal conductivity of Helium, He, at 30@#d 1.00 atm is 0.0612 J/(K m s).
What is the mean free path length of He, assuntittgghiehave like an ideal gas (M
=4.003 g/mol)?

A) 288 nm

B) 9.11um

C) 2.9mm

D) 96 nm

E) 3.0u

If the diffusion coefficient for insulin is 8210 m? st at 20°C, estimate the mean
time required for an insulin molecule to diffuseaigh a distance equal to the
diameter of a typical living cell (~ 20m).

A) 21s

B) 0.17s

C) 3.2s

D) 11s

E) 0.61s
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24. Water is transported upward in trees througimcéls in the trunk called xylem.

25.

Although the diameter of the xylem channels vairies species to species, a typical
value is 2.0 x 10 m. If the water surface tension and density aré 7@ 10° N nr?

and 997 kg m, what will be the maximum transport height of teter to the top in
the redwood tree?

A) 144 m

B) 459m

C) 95.0m

D) 21.0m

E) 214 m

The conductivity of a 0.0312 M solution of a Wwdmase is 1.53 x 10S cm'. If the
sum of the limiting ionic conductance for Bahd OH- is 237.0 S chmol?, what is
the value of the base dissociation conskaft

A) 2.12x 16

B) 1.51x 16

C) 1.36x1@

D) 3.21x 16

E) 2.11x16
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Answer Key

1. A
2. C
3. E
4. B
5. E
6. A
7. C
8. D
9. D
10. E
11. C
12. A
13. B
14. A
15. C
16. D
17. A
18. E
19. C
20. A
21. B
22. A
23. E

A

C
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Physical constants, conversion factors, and useful eqguations

Physical Constants

R =8.314Jmol1K!
=0.08206 L atmK -1 mol 1
=0.08314 L bar K1 mol-

Na = 6.022 x 102 mol !

ke =1.381x108JK1

h =6.626x103%Js

F =096,485C mol-?

c =2998x108ms?

g =981lms>2?

e=1.6022x 10°C

£ =8.854x 1012 C2J1m?

B =0.51 mol-“2 dm?32 (in H20, 25°C)

Other Units

ldm3 =1L
1dm?3 =1000 cm?3
1J =1kgm?s?
1 atm =1.01325 x 105 Pa
1 atm =760 mmHg
1 Torr=1 mmHg
1 Torr = 133.322 Pa
1 bar =105Pa
E =hv
c =ul
PV =nRT
(RT)/F =25.6926 mV at 25°C
In(x)/logio(x) = 2.30259 for all x
In(1- 8)=-6
if 0<<1
Quadratic equation:
ax?+bx+c=0
solutions:
X12 = (1/2a)[ - b £ (b ? - 4ac)*?]
RT/F = 25.70 mV(at 25°C for In)

=59.16 mV/(at 25°C for logao)
Michaelis - Menten equation:
(1/R0)=(1/Rmax) + (Km/Rmax)X(1/[S] o)
L indemann mechanism:
Kuni = kika[M](k-1[M] + k2)*
Langmuir isotherm:
0=KP/(1+KP)
l/Ro = l/Rmax + (Km/Rmax) (l/[S]o)
Sequential reactions:

k4 ko
A — B — C
[B]=(k1/(k2-k-1)) f(t)[A]o
f(t)=exp(-kit)-exp(-kat)

Note:

Important Equations

K N 1
A==, a=— and |==) g7
C AW ZZ z

log,, ;= - z B\/I_ and logloy+_: -z z| B\/I_
Am =A%, - K (c/c)Y2(strong)

1/Am = 1/[\0m + CAm /[(/\om)2 Ka] (Weak)
AGPaiation =(Lr - 1)2ENa/(8riear)

y z \!

E=E°- ﬂ In M

zF [A]°[B]
AG = -nFE and thuAG° = -nFP
AS = nF(dE/dB
am™" = ama" for AmBn
K = [2€Na X (1000 L nP)/(goksT)]Y? X [psolvent I/&r]¥?
E°AgCl/Ag = +0.222 V

K =A e—Ea/RT
K = kBT e—A‘G“/RT
h

Ea = AH°-PA*V° + RT (sol)
= AH°-SVURT + RT (gas)
AG* = AH-TAS
tiz = (In 2)/k (1 order)
fluorescence lifetime tr = (ks +kq[Q])?
Ro = ke[ S]o[E]o/([S]o + Km),
Km = (k1 + ko)/ka
ko[E]o = Rmax=V
D = (1/3) \ave A
K = (1/3) (G.m/Na) Vave Np &

PV = nRT = (N/N)RT,
(Cvm/Na) = (3/2) I

n = (1/3) \avdNpAim

f=6mr = keT/D

Vave = (8RT/Q‘EM))1/2

Npk = 1/((N2)o),

A = RT/(PM(V2)o)

Np = (N/V) = PNV(RT)

c = nd?

Xms = V(2Dt)  (1-Dimension)

rms = V(6D1) (3-Dimension)
Poisseuille equationA{//At) = (rr¥/(8n)) AP/ AL

Stokes-Einstein equation: D s K(6x nr)
if r(particle) >> r(solvent molecule)

Ostwald viscosimeterj = Apt,

Capillary rise: h = 2/(pgr)

Quantum yield/efficiency = @ = moles of product formed / moles of photons absor bed
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1. At the same temperature and pressuxe=D4.4 Dkxn. What is the ratiogr/Oxe, Of
their collisional cross sections if¥¥= 131.29 g/mol and M = 222 g/mol.
A) 2.60
B) 0.30
C) 5.72
D) 0.77
E) 3.38

2. Given the following Galvanic cell Zn(s)[Ztaq)||SA*(aq),SA*(aq)|Pt(s). If the
standard potential¥Zn?*,Zn)= - 0.76 V and the standard cell potentizel = 0.91
V, then the standard potential of theé*$ar¢* redox couple is:
A) -1.67V
B) 0.15V
C) 167V
D) -0.15V
E) 150V

3. The Galvanic cell Cu(s)| €¢aq)|| Ad(aq)| Ag (s) is based on the following cell
reaction:2Ad(aq)+Cu(s)- 2Ag(s)+Cud*(aq). Note that T = 298 K and the standard
electrode potentials aré(Ew**,Cu)=0.34V and BAg*,Ag)=0.80V. Which of the
following statements are correct?

(i) The silver electrode is the cathode and theeoplectrode is the anode.
(i) Two moles of electrons flow through the ext@rnircuit from anode to cathode
when the cell operates.

(i) The standard cell potential is 0.46 V.

(iv) The change in Gibbs energy for the cell reacis -88,766 J malin the
standard state.

A) (i) is correct.

B) (i) and (ii) are correct.

C) All statements are not correct.

D) All statements are correct.

E) (i) and (iv) are correct.

4. The densities of acetone and water &t@re 0.972 g cmiand 0.9982 g crj
respectively. The viscosity of water is 1.002XHa s at 20C. If at 20°C water
requires 120.5 s to run between the marks on awister and acetone requires 40.5
s, what is the viscosity of acetone?

A) 6.56x10*Pas
B) 3.28x10*Pas
C) 3.06x1C¢ Pas
D) 2.90x1G°Pas
E) 1.03x1¢Pas
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5. If the diffusion coefficient for insulin is 8.22301* m? s* at 20°C, estimate the mean
time required for an insulin molecule to diffuseailigh a distance equal to the
diameter of a typical living cell (~ 20m).

A) 0.17s
B) 1.1s
C) 0.61ls
D) 3.2s
E) 21s

6. The reaction,

H,(9) + 1,(9) - 2HI (9)
takes place in the presence of light . The meshamhich gives a rate law that
agrees with experiment is,

1,(9) Dk@b 21 (9)
21(9) D%ﬂ 1,(9)

H,(9) + 21(9) Dlﬁa 2H 1 (9)
The rate law is:
_ kikg[H,I[ 1]
A) Rate= o + K[
B) Rate = kkalHall]
k, +k;[H]

_ kik[H[1]
C) Rate= o+ K [HI]

= _kks [l
D) Rate= o+ k[H]

= _Kiks[H,]
E) Rate= ik + K [HI]

7. The adsorption of an organic compound on an Adsbmeasured at 5 °C and
different pressures followed the Langmuir typesaftherm and a fit of/V,,, versus

1/P gave,

1/Vads = 2.662 (torr/mL) (1/P) + 0.203 (1/mL)
whereV,, is the volume of the adsorbed organic compoundlirand P is its

pressure in torr. The fractional coverage of charaba pressure of 100 torr is,
A) 0.376
B) 0.612
C) 0.430
D) 0.203
E) 0.884
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8. Water is transported upward in trees through réilgnn the trunk called xylem.
Although the diameter of the xylem channels vairies species to species, a typical
value is 2.0 x 10 m. If the water surface tension and density aré 7@ 10° N nt?
and 997 kg m, what will be the maximum transport height of theter to the top in
the redwood tree?

A) 459 m
B) 21.0m
C) 214 m
D) 95.0m
E) 144 m

9. Given that the mean activity coefficiept, in a 0.100 mol k@ MgBr»(aq) solution is
0.524 at 25°C. Determine the percentage differémoee the value predicted by the
Debye-Huckel limiting law?

A) 11%
B) 15%
C) 1%
D) 21%
E) 47%

10. The following reaction corresponds to eletramotion of aluminum from aluminum
ore:
2/3A1;03 -0 4/3Al + &, AG°® = +966 kJ mot
The minimum potential required to drive this reawstat 500°C is:
A) 4.5V
B) 2.5V
C) 5.0v
D) 3.0V
E) 1.2V

11. For the protein myoglobin in water atZx) the sedimentation coefficient isss=
2.04 x 103 s, the diffusion coefficient is D = 1.13 x 10’ s, and the specific
volume is 0.740 cig?. The density of water is 0.998 g €rand its viscosity is
1.002 cP at the same temperature. Estimate thasrafimyoglobin, assuming it to
be spherical.

A) 3.150 nm

B) 4.115nm

C) 1.897 nm

D) 5.232 nm

E) 9.114 nm
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12.

13.

14.

15.

16.

What is the diffusion coefficient of xenon (X&)298 K and a pressure of 2.00 atm,

given the collisional cross section of Xeas 5.8 x 1¢*° m? and M = 131.29
g/mol?

A) 0.18 nt/s

B) 1.72x10 m¥s

C) 1.81x1¢ mis

D) 5.43x 10 m/s

E) 5.72x 168 m/s

Which of the following statements is not corfect

A) For gases, viscosity is proportional t§21TT being the temperature in Kelvin.
B) The viscosities of gases decrease as temperateases.

C) The viscosities of gases increase as temperatneases.

D) The viscosities of liquids increase as tempeeatigcreases.

E) The viscosities of liquids obey a law of the Aaniius type.

What is the ratio of the root mean square digpreent in three dimensions.g to
that in one dimension (¢ for a particle with D = 3.41 x f0m?/s in 900 s in case
of rms and in 1800s in case ofx?

A) (6)1/2

B) (2/3)\?

C) (1/6)2

D) (3/2)?

E) 3/2

The conductivity of a 0.0312 M solution of a wdmase is 1.53 x 10S cm'. If the
sum of the limiting ionic conductance for Bahd OH- is 237.0 S chmol?, what is
the value of the base dissociation conskaft

A) 151x1¢

B) 1.36x1C

C) 211x1¢

D) 2.12x1@

E) 3.21x1¢

Liquid A has half the surface tension and twitedensity of liquid B, at 2%. If
the capillary rise is 0.01 m for liquid A, thentime same capillary, the capillary rise
for liquid B will be (assume complete wetting)
A) 0.03m
B) 0.04m
C) 0.05m
D) 0.02m
E) 0.01m
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17.

18.

19.

20.

Consider the photochemical decomposition:
2HI - H, + 1,

With light at A = 253.7nm, absorption of 3070 J of energy decomposed

1.30x 10% mol HI . The quantum yield of this reaction is:
A) 2

B) 1

C) 5

D) 10

E) 05

The thermal conductivity of Helium, He, at 30@#Kd 1.00 atm is 0.0612 J/(K m s).
What is the mean free path length of He, assuntittghehave like an ideal gas (M
=4.003 g/mol)?

A) 2.9 mm

B) 288 nm

C) 96 nm

D) 3.0p

E) 9.11pm

Thermopane windows filled with krypton (KrxM= 83.80 g/mol) provide a ten
times better heat insulation than normal windowWsdiwith argon (Ar, M; = 39.95
g/mol), advertisements claim. What is the ratiohef thermal conductivity of Kro(

= 0.52 nm) to that of Ar 6 = 0.36 nmM) and does it fulfill the advertisment claim of
a ten times better heat insulation?

A) k(Kr)/ k(Ar) = 2.09, does not fulfill the advertisement
B) k(Kr)/ k(Ar) = 0.33, does not fulfill the advertisement
C) k(Kr)/ k(Ar) = 0.478, fulfills the advertisement

D) «k(Kr)/ k(Ar) = 0.478, does not fulfill the advertisement
E) k(Kr)/ k(Ar) = 3.03, fulfills the advertisement

The solubility product of ¥50; is (y- is the mean activity coefficient):
A) 4§V¢2
B) 4s3y¢5
C) 49y.3
D) 452y¢3
E) 433V13
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21. The rate constant for the second order reabtbmeen iodomethane, GiHand

22.

23.

24,

ethoxy anions, ¢4s0~, in ethanol solution is 9.86 x 2@nol dm?3s? at 25 °C and
6.17 x 1@mol dm? st at 65 °C. Calculate the activation energy in kJ Thanits.
A) 40.0
B) 10.4
C) 86.7
D) 300
E) 116

The flux of a property (J) is related to thedigat of the transported quantity (grad)
as ( is the transport coefficient)

A) J proportional to 1/grad

B) J proportional to -1/grad

C) J proportional to o/

D) J proportional ta?

E) J proportional to -grad

The Arhenius parameters for the unimoleculanesization of methylcyanide,
CH,;NC(g) - CH..CN(9)

are an activation energy of 272 kJ/mol and a preesptial factor of2.5x 13°s™.

Which of the following choices is completely cortrémr theAH* (in kJ/mol) andAS
(in J/(K mol)) values (from left to right) at 22T?

A) 272,435

B) 268, 56.4

C) 270,63.0

D) 276, 240

E) 264, 63.0

The viscosity of ethylene at 26 and 101.325 kPa is 9.33 xfkg m! s. Estimate
the molecular diameter of the ethylene molecule £€M.2.01 g/mol, M = 1.008
g/mol).

A) 1.19nm

B) 0.42 nm

C) 2.22nm

D) 0.67 nm

E) 0.14 nm
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25. Krypton (Kr) and Helium (He) are monatomic gasesl thus ¢ = 3/2 R for each.
Given thatok, = 0.52 nm andowe = 0.28 nm and that the molar mass of Kr is larger
than that of He which one of the following is défty correct?

A) Actually Kkr > Kne

B) SinceAkr > Are and Ve kr < Vave Heit follows thatkkr < Kne
C) SinceAkr > Axe and Vave kr > Vave Helt fOllows thatkir < Khe
D) SinceAkr <Are and Vvekr> Vave Heit follows thatkkr < Kne
E) SinceAkr < Ane and Vave kr < Vave Helt follows thatkkr < Kne
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Physical constants, conversion factors, and useful eqguations

Physical Constants

R =8.314Jmol1K!
=0.08206 L atmK -1 mol 1
=0.08314 L bar K1 mol-

Na = 6.022 x 102 mol !

ke =1.381x108JK1

h =6.626x103%Js

F =096,485C mol-?

c =2998x108ms?

g =981lms>2?

e=1.6022x 10°C

£ =8.854x 1012 C2J1m?

B =0.51 mol-“2 dm?32 (in H20, 25°C)

Other Units

ldm3 =1L
1dm?3 =1000 cm?3
1J =1kgm?s?
1 atm =1.01325 x 105 Pa
1 atm =760 mmHg
1 Torr=1 mmHg
1 Torr = 133.322 Pa
1 bar =105Pa
E =hv
c =ul
PV =nRT
(RT)/F =25.6926 mV at 25°C
In(x)/logio(x) = 2.30259 for all x
In(1- 8)=-6
if 0<<1
Quadratic equation:
ax?+bx+c=0
solutions:
X12 = (1/2a)[ - b £ (b ? - 4ac)*?]
RT/F = 25.70 mV(at 25°C for In)

=59.16 mV/(at 25°C for logao)
Michaelis - Menten equation:
(1/R0)=(1/Rmax) + (Km/Rmax)X(1/[S] o)
L indemann mechanism:
Kuni = kika[M](k-1[M] + k2)*
Langmuir isotherm:
0=KP/(1+KP)
l/Ro = l/Rmax + (Km/Rmax) (l/[S]o)
Sequential reactions:

k4 ko
A — B — C
[B]=(k1/(k2-k-1)) f(t)[A]o
f(t)=exp(-kit)-exp(-kat)

Note:

Important Equations

K N 1
A==, a=— and |==) g7
C AW ZZ z

log,, ;= - z B\/I_ and logloy+_: -z z| B\/I_
Am =A%, - K (c/c)Y2(strong)

1/Am = 1/[\0m + CAm /[(/\om)2 Ka] (Weak)
AGPaiation =(Lr - 1)2ENa/(8riear)

y z \!

E=E°- ﬂ In M

zF [A]°[B]
AG = -nFE and thuAG° = -nFP
AS = nF(dE/dB
am™" = ama" for AmBn
K = [2€Na X (1000 L nP)/(goksT)]Y? X [psolvent I/&r]¥?
E°AgCl/Ag = +0.222 V

K =A e—Ea/RT
K = kBT e—A‘G“/RT
h

Ea = AH°-PA*V° + RT (sol)
= AH°-SVURT + RT (gas)
AG* = AH-TAS
tiz = (In 2)/k (1 order)
fluorescence lifetime tr = (ks +kq[Q])?
Ro = ke[ S]o[E]o/([S]o + Km),
Km = (k1 + ko)/ka
ko[E]o = Rmax=V
D = (1/3) \ave A
K = (1/3) (G.m/Na) Vave Np &

PV = nRT = (N/N)RT,
(Cvm/Na) = (3/2) I

n = (1/3) \avdNpAim

f=6mr = keT/D

Vave = (8RT/Q‘EM))1/2

Npk = 1/((N2)o),

A = RT/(PM(V2)o)

Np = (N/V) = PNV(RT)

c = nd?

Xms = V(2Dt)  (1-Dimension)

rms = V(6D1) (3-Dimension)
Poisseuille equationA{//At) = (rr¥/(8n)) AP/ AL

Stokes-Einstein equation: D s K(6x nr)
if r(particle) >> r(solvent molecule)

Ostwald viscosimeterj = Apt,

Capillary rise: h = 2/(pgr)

Quantum yield/efficiency = @ = moles of product formed / moles of photons absor bed
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1. The conductivity of a 0.0312 M solution of a wdmtse is 1.53 x 10S cm’. If the
sum of the limiting ionic conductance for Bahd OH- is 237.0 S chmol?, what is
the value of the base dissociation conskaft
A) 3.21x 16
B) 2.12x 16
C) 1.51x 10
D) 2.11x 16
E) 1.36x 16

2. Water is transported upward in trees through reblsrin the trunk called xylem.
Although the diameter of the xylem channels vairies species to species, a typical
value is 2.0 x 10 m. If the water surface tension and density aré /@ 10° N n?
and 997 kg m, what will be the maximum transport height of theter to the top in
the redwood tree?

A) 95.0m
B) 214 m
C) 144 m
D) 21.0m
E) 459m

3. Krypton (Kr) and Helium (He) are monatomic gase®] thus ¢m = 3/2 R for each.
Given thatok, = 0.52 nm andowe = 0.28 nm and that the molar mass of Kr is larger
than that of He which one of the following is défty correct?

A) SinceAkr > Ane and Vave kr < Vave,Helt fOllows thatkkr < Kne
B) SinceAir <Ane and Vive,kr < Vave Heit fOllows thatkkr < Kne
C) Sincelkr < Axe and \ave kr> Vave Heit fOllOws thatki: < Kre
D) Actually Kkr > Khe

E) SinceAkr > Ane and Vave,kr > Vave Helit fOllows thatkkr < Kre

4. Liquid A has half the surface tension and twlee density of liquid B, at 2%C. If

the capillary rise is 0.01 m for liquid A, thentime same capillary, the capillary rise
for liquid B will be (assume complete wetting)

A) 0.04m

B) 0.05m

C) 0.01m

D) 0.03m

E) 0.02m
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5. The Arhenius parameters for the unimolecular es@ation of methylcyanide,
CH;NC(g) - CH.N(9)

are an activation energy of 272 kJ/mol and a preeaptial factor of2.5x 10°s™.

Which of the following choices is completely cotréar theAH* (in kJ/mol) and\S*
(in J/(K mol)) values (from left to right) at 22T~

A) 264,63.0

B) 276, 240

C) 268,56.4

D) 272,435

E) 270, 63.0

6. The viscosity of ethylene at 26 and 101.325 kPa is 9.33 x%Kg m* s?. Estimate
the molecular diameter of the ethylene molecule £€2.01 g/mol, M = 1.008
g/mol).

A) 0.67 nm
B) 1.19 nm
C) 0.14nnm
D) 2.22 nm
E) 0.42 nm

7. Given the following Galvanic cell Zn(s)|Z(aq)||SA*(aqg),Si*(aq)|Pt(s). If the
standard potential¥Zn?*,Zn)= - 0.76 V and the standard cell potentiz@el = 0.91
V, then the standard potential of the*$8r¢* redox couple is:

A) 150V
B) 1.67V
C) -0.15V
D) —1.67V
E) 0.15V

8. Which of the following statements is not correct?
A) The viscosities of liquids increase as tempegmtigcreases.
B) The viscosities of liquids obey a law of the Agrtius type.
C) For gases, viscosity is proportional t#,TT being the temperature in Kelvin.
D) The viscosities of gases decrease as temperatueases.
E) The viscosities of gases increase as temperaitneases.

9. The thermal conductivity of Helium, He, at 30@Kd 1.00 atm is 0.0612 J/(K m s).
What is the mean free path length of He, assuntitiytiehave like an ideal gas M
=4.003 g/mol)?

A) 9.11pum
B) 96 nm
C) 3.0
D) 2.9 mm
E) 288 nm

Version3 Page 4



10. The reaction,

11.

12.

H,(9) + 1,(9) - 2HI (9)
takes place in the presence of light . The meshamhich gives a rate law that
agrees with experiment is,

1,(9) Dk@b 21 (9)
21(9) D%ﬁ 1,(9)

H,(g) + 21(9) D%_» 2H | (9)
The rate law is:

A) Rate:—kikg[HZ]
k, + k;[HI]

8 Rate= KKHL!]
kK, + k;[HI]

= _kks[lg]
C) Rate= o + K [H]

D) Rate = KkHL!]
i, + k[l ]

E) Rate:M
K, + K;[H,)]

The rate constant for the second order reabttween iodomethane, GliHand
ethoxy anions, &4s0, in ethanol solution is 9.86 x 2@nol dm3s? at 25 °C and
6.17 x 1mol dm? st at 65 °C. Calculate the activation energy in kJ thanits.
A) 86.7

B) 40.0

C) 300

D) 116

E) 10.4

If the diffusion coefficient for insulin is 82101 m? st at 20°C, estimate the mean
time required for an insulin molecule to diffuseaingh a distance equal to the
diameter of a typical living cell (~ 10m).

A) 0.61ls

B) 0.17s

C) 21s

D) 11s

E) 3.2s
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13. The Galvanic cell Cu(s)| €(aq)|| Ad(aq)| Ag (s) is based on the following cell

14.

15.

reaction:2Adg(aq)+Cu(s)- 2Ag(s)+Cud*(aq). Note that T = 298 K and the standard
electrode potentials aré(Ew**,Cu)=0.34V and BAg*,Ag)=0.80V. Which of the
following statements are correct?

(i) The silver electrode is the cathode and thepeopglectrode is the anode.

(i) Two moles of electrons flow through the ext@rnircuit from anode to cathode
when the cell operates.

(i) The standard cell potential is 0.46 V.

(iv) The change in Gibbs energy for the cell reatis -88,766 J malin the
standard state.

A) All statements are not correct.

B) (iii) and (iv) are correct.

C) (i) and (ii) are correct.

D) (i) is correct.

E) All statements are correct.

Thermopane windows filled with krypton (Kr.xM= 83.80 g/mol) provide a ten
times better heat insulation than normal windowWsdiwith argon (Ar, M = 39.95
g/mol), advertisements claim. What is the ratiohef thermal conductivity of Krg(

= 0.52 nm) to that of Ar 6 = 0.36 nmM) and does it fulfill the advertisment claim of
a ten times better heat insulation?

A)  K(Kr)/ k(Ar) = 0.478, fulfills the advertisement

B) k(Kr)/ k(Ar) = 0.478, does not fulfill the advertisement

C) k(Kr)/ k(Ar) = 0.33, does not fulfill the advertisement

D) k(Kr)/ k(Ar) = 3.03, fulfills the advertisement

E) k(Kr)/ k(Ar) = 2.09, does not fulfill the advertisement

The densities of acetone and water é&28@re 0.972 g chand 0.9982 g cm
respectively. The viscosity of water is 1.002XHa s at 20C. If at 20°C water
requires 120.5 s to run between the marks on awister and acetone requires 40.5
s, what is the viscosity of acetone?

A) 2.90x10C*Pas

B) 1.03x1G*Pas

C) 3.28x10'Pas

D) 3.06x1C*Pas

E) 6.56x10'Pas
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16. For the protein myoglobin in water at %) the sedimentation coefficient g

17.

18.

19.

2.04 x 10 s, the diffusion coefficient is D = 1.13 x 10’ s, and the specific
volume is 0.740 cig?. The density of water is 0.998 g @érand its viscosity is
1.002 cP at the same temperature. Estimate thasrafimyoglobin, assuming it to
be spherical.

A) 4.115nm

B) 1.897 nm

C) 9.114 nm

D) 3.150 nm

E) 5.232nm

At the same temperature and pressuxe=D4.4 Ckn. What is the ratiogrn/Oxe, Of
their collisional cross sections ify¥¥M= 131.29 g/mol and M = 222 g/mol.

A) 0.30

B) 5.72

C) 3.38

D) 2.60

E) 0.77

The flux of a property (J) is related to thedggat of the transported quantity (grad)
as (0 is the transport coefficient)

A) J proportional to -grad

B) J proportional ta?

C) J proportional to -1/grad

D) J proportional to 1/grad

E) J proportional to o

The following reaction corresponds to eletragotion of aluminum from aluminum
ore:
2/3A120s -0 4/3Al + &, AGP = +966 kJ mot
The minimum potential required to drive this reactat 500°C is:
A) 2.5V
B) 5.0V
C) 1.2v
D) 4.5V
E) 3.0V
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20. The adsorption of an organic compound on anredabmeasured at 5 °C and

21.

22.

23.

different pressures followed the Langmuir typesaftherm and a fit of/V,, versus
1/P gave,

1/Vads = 2.662 (torr/mL) (1/P) + 0.203 (1/mL)
whereV, is the volume of the adsorbed organic compoumdlirand P is its

pressure in torr. The fractional coverage of charaba pressure of 100 torr is,
A) 0.884
B) 0.203
C) 0.612
D) 0.376
E) 0.430

The solubility product of ¥50y is (y: is the mean activity coefficient):
A) 482V¢3
B) 4§V¢3
C) 433V¢5
D) 4¢y.?
E) 433V¢2

What is the diffusion coefficient of xenon (X&)298 K and a pressure of 2.00 atm,
given the collisional cross section of Xeas 5.8 x 10 m? and Mk = 131.29
g/mol?

A) 5.43 x10° mé/s

B) 1.81x 1 nm?/s

C) 5.72x 16 mé/s

D) 1.72x 10 né/s

E) 0.18 ni/s

What is the ratio of the root mean square digpreent in three dimensions.g to
that in one dimension (p¢) for a particle with D = 3.41 x fOm?/s in 900 s in case
of rms and in 1800s in case ofx?

A) (3/2)1?

B) (6)1/2

C) (2/3)2

D) 3/2

E) (1/6)?
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24. Consider the photochemical decomposition:

25.

2HI - H, + 1,
With light at A = 253.7nm, absorption of 3070 J of energy decomposed

1.30x 10 mol HI . The quantum yield of this reaction is:
A) 10°

B) 5

C) 2

D) 05

E) 1

Given that the mean activity coefficient, in a 0.100 mol k@ MgBrz(aq) solution is
0.524 at 25°C. Determine the percentage differémore the value predicted by the
Debye-Huckel limiting law?

A) 21%

B) 47%

C) 11%

D) 15%

E) 17%
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Physical constants, conversion factors, and useful eqguations

Physical Constants

R =8.314Jmol1K!
=0.08206 L atmK -1 mol 1
=0.08314 L bar K1 mol-

Na = 6.022 x 102 mol !

ke =1.381x108JK1

h =6.626x103%Js

F =096,485C mol-?

c =2998x108ms?

g =981lms>2?

e=1.6022x 10°C

£ =8.854x 1012 C2J1m?

B =0.51 mol-“2 dm?32 (in H20, 25°C)

Other Units

ldm3 =1L
1dm?3 =1000 cm?3
1J =1kgm?s?
1 atm =1.01325 x 105 Pa
1 atm =760 mmHg
1 Torr=1 mmHg
1 Torr = 133.322 Pa
1 bar =105Pa
E =hv
c =ul
PV =nRT
(RT)/F =25.6926 mV at 25°C
In(x)/logio(x) = 2.30259 for all x
In(1- 8)=-6
if 0<<1
Quadratic equation:
ax?+bx+c=0
solutions:
X12 = (1/2a)[ - b £ (b ? - 4ac)*?]
RT/F = 25.70 mV(at 25°C for In)

=59.16 mV/(at 25°C for logao)
Michaelis - Menten equation:
(1/R0)=(1/Rmax) + (Km/Rmax)X(1/[S] o)
L indemann mechanism:
Kuni = kika[M](k-1[M] + k2)*
Langmuir isotherm:
0=KP/(1+KP)
l/Ro = l/Rmax + (Km/Rmax) (l/[S]o)
Sequential reactions:

k4 ko
A — B — C
[B]=(k1/(k2-k-1)) f(t)[A]o
f(t)=exp(-kit)-exp(-kat)

Note:

Important Equations

K N 1
A==, a=— and |==) g7
C AW ZZ z

log,, ;= - z B\/I_ and logloy+_: -z z| B\/I_
Am =A%, - K (c/c)Y2(strong)

1/Am = 1/[\0m + CAm /[(/\om)2 Ka] (Weak)
AGPaiation =(Lr - 1)2ENa/(8riear)

y z \!

E=E°- ﬂ In M

zF [A]°[B]
AG = -nFE and thuAG° = -nFP
AS = nF(dE/dB
am™" = ama" for AmBn
K = [2€Na X (1000 L nP)/(goksT)]Y? X [psolvent I/&r]¥?
E°AgCl/Ag = +0.222 V

K =A e—Ea/RT
K = kBT e—A‘G“/RT
h

Ea = AH°-PA*V° + RT (sol)
= AH°-SVURT + RT (gas)
AG* = AH-TAS
tiz = (In 2)/k (1 order)
fluorescence lifetime tr = (ks +kq[Q])?
Ro = ke[ S]o[E]o/([S]o + Km),
Km = (k1 + ko)/ka
ko[E]o = Rmax=V
D = (1/3) \ave A
K = (1/3) (G.m/Na) Vave Np &

PV = nRT = (N/N)RT,
(Cvm/Na) = (3/2) I

n = (1/3) \avdNpAim

f=6mr = keT/D

Vave = (8RT/Q‘EM))1/2

Npk = 1/((N2)o),

A = RT/(PM(V2)o)

Np = (N/V) = PNV(RT)

c = nd?

Xms = V(2Dt)  (1-Dimension)

rms = V(6D1) (3-Dimension)
Poisseuille equationA{//At) = (rr¥/(8n)) AP/ AL

Stokes-Einstein equation: D s K(6x nr)
if r(particle) >> r(solvent molecule)

Ostwald viscosimeterj = Apt,

Capillary rise: h = 2/(pgr)

Quantum yield/efficiency = @ = moles of product formed / moles of photons absor bed
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1. Given that the mean activity coefficient, in a 0.100 mol k§ MgBrz(aq) solution is
0.524 at 25°C. Determine the percentage differé&nore the value predicted by the
Debye-Huckel limiting law?

A) 17%
B) 21%
C) 47%
D) 11%
E) 15%

2. The reaction,

H,(g) + 1,(g) - 2HI (9)

takes place in the presence of light . The meshamhich gives a rate law that
agrees with experiment is,

1,(9) Dﬁﬁ 21 (9)
21(9) Dﬁalﬁm

H,(9) + 21(9) Dﬁa 2H 1 (9)

The rate law is:

k, + k,[HI]

k2 + k3[|2]
C) Rate:—k1k3[H2]

k, + k,[HI]

K, + Kks[H,]
E) Rate:—k1k3[|2]

K, + Ks[H,]

3. The adsorption of an organic compound on an ddsbmeasured at 5 °C and
different pressures followed the Langmuir typesaftherm and a fit of/V,, versus
1/P gave,

1/Vads = 2.662 (torr/mL) (1/P) + 0.203 (1/mL)

whereV,, is the volume of the adsorbed organic compoundlirand P is its
pressure in torr. The fractional coverage of charaba pressure of 100 torr is,
A) 0.203

B) 0.612

C) 0.430

D) 0.884

E) 0.376
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4. The following reaction corresponds to eletroettcan of aluminum from aluminum
ore:
2/3A120s -0 4/3Al + &, AGP = +966 kJ mot

The minimum potential required to drive this reactat 500°C is:

A) 5.0V

B) 4.5V

C) 25V

D) 3.0V

E) 1.2V

5. What is the diffusion coefficient of xenon (X&)288 K and a pressure of 2.00 atm,
given the collisional cross section of Xeas 5.8 x 1¢*° m? and M = 131.29
g/mol?

A) 5.72 x 16 m?/s
B) 1.72x10 ms
C) 0.18ni/s

D) 5.43x 10 m/s
E) 1.81x 16 ms

6. Consider the photochemical decomposition:
2HI - H, + 1,

With light at A = 253.7nm, absorption of 3070 J of energy decomposed

1.30x 10% mol HI . The quantum yield of this reaction is:
A) 2

B) 05

C) 1

D) 10

E) 5

7. What is the ratio of the root mean square digprant in three dimensions.{ to
that in one dimension (¢ for a particle with D = 3.41 x f0m?/s in 900 s in case
of rms and in 1800s in case ofx?

A) (1/6)v?
B) 3/2

C) (6)"?
D) (3/2)?
E) (2/3)?
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8.

10.

11.

The rate constant for the second order reacebnden iodomethane, GHand
ethoxy anions, €450, in ethanol solution is 9.86 x 2@nol dm?3s? at 25 °C and
6.17 x 1@mol dm? st at 65 °C. Calculate the activation energy in kJ Thanits.
A) 40.0

B) 10.4

C) 116

D) 86.7

E) 300

The solubility product of KSQ: is (y- is the mean activity coefficient):
A) 4§V¢3
B) 4§V¢5
C) 4sy.®
D) 4s3y¢2
E) 452V¢3

For the protein myoglobin in water at 1) the sedimentation coefficient is&
2.04 x 103 s, the diffusion coefficient is D = 1.13 x 10’ s, and the specific
volume is 0.740 cig?. The density of water is 0.998 g €rand its viscosity is
1.002 cP at the same temperature. Estimate thasrafimyoglobin, assuming it to
be spherical.

A) 9.114 nm

B) 4.115nm

C) 5.232nm

D) 1.897 nm

E) 3.150 nm

The Galvanic cell Cu(s)| €@q)|| Ad(aq)| Ag (s) is based on the following cell
reaction:2Adg(aq)+Cu(s)- 2Ag(s)+Cud*(aq). Note that T = 298 K and the standard
electrode potentials aré(Ew?*,Cu)=0.34V and BAg*,Ag)=0.80V. Which of the
following statements are correct?

(i) The silver electrode is the cathode and thepeopglectrode is the anode.

(i) Two moles of electrons flow through the ext@rnircuit from anode to cathode
when the cell operates.

(i) The standard cell potential is 0.46 V.

(iv) The change in Gibbs energy for the cell reatis -88,766 J malin the
standard state.

A) (iii) and (iv) are correct.

B) (i) and (ii) are correct.

C) (i) is correct.

D) All statements are correct.

E) All statements are not correct.
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12. At the same temperature and pressuge=D4.4 Oxn. What is the ratiogrn/Oxe, Of

13.

14.

15.

their collisional cross sections if¥¥= 131.29 g/mol and M = 222 g/mol.
A) 3.38
B) 0.77
C) 5.72
D) 0.30
E) 2.60

The densities of acetone and water &28@re 0.972 g cdand 0.9982 g cm
respectively. The viscosity of water is 1.002XHa s at 20C. If at 20°C water
requires 120.5 s to run between the marks on awister and acetone requires 40.5
s, what is the viscosity of acetone?

A) 1.03x10°*Pas

B) 3.28x10*Pas

C) 6.56x10'Pas

D) 2.90x1G°Pas

E) 3.06x1C¢Pas

The conductivity of a 0.0312 M solution of a wdrase is 1.53 x 10S cm'. If the
sum of the limiting ionic conductance for Behd OH- is 237.0 S chmol?, what is
the value of the base dissociation conskafit

A) 1.51x 16*

B) 2.11x 1G

C) 212x1@

D) 1.36x 16P

E) 3.21x 16

Krypton (Kr) and Helium (He) are monatomic gasesl thus ¢m = 3/2 R for each.
Given thatok, = 0.52 nm andowe = 0.28 nm and that the molar mass of Kr is larger
than that of He which one of the following is défty correct?

A) SinceAkr > Are and Ve kr > Vave Helt follows thatkk: < Kre
B) SinceAkr > Ane and Vve kr < Vave Heit follows thatkk: < Kne
C) ActuallyKir > Kne

D) SinceAkr < Ane and Vve kr < Vave Heit follows thatkk: < Kne
E) SinceAkr <Axe and Vve kr> Vave Helt follows thatkkr < Kre
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16. Thermopane windows filled with krypton (KrxM= 83.80 g/mol) provide a ten

17.

18.

19.

times better heat insulation than normal windowWsdiwith argon (Ar, M = 39.95
g/mol), advertisements claim. What is the ratiohef thermal conductivity of Kro(

= 0.52 nm) to that of Ar 6 = 0.36 nmM) and does it fulfill the advertisment claim of
a ten times better heat insulation?

A) k(Kr)/ k(Ar) = 0.33, does not fulfill the advertisement

B) k(Kr)/ k(Ar) = 3.03, fulfills the advertisement

C) k(Kr)/ k(Ar) = 2.09, does not fulfill the advertisement

D) «k(Kr)/ k(Ar) = 0.478, fulfills the advertisement

E) k(Kr)/ k(Ar) = 0.478, does not fulfill the advertisement

Liquid A has half the surface tension and twieedensity of liquid B, at 2%C. If

the capillary rise is 0.01 m for liquid A, thentime same capillary, the capillary rise
for liquid B will be (assume complete wetting)

A) 0.01m

B) 0.03m

C) 0.02m

D) 0.04m

E) 0.05m

The thermal conductivity of Helium, He, at 30@#d 1.00 atm is 0.0612 J/(K m s).
What is the mean free path length of He, assuntittgghehave like an ideal gas M
=4.003 g/mol)?

A) 3.0pu

B) 9.11pum

C) 2.9mm

D) 288 nm

E) 96 nm

Which of the following statements is not corpect

A) For gases, viscosity is proportional t§2TT being the temperature in Kelvin.
B) The viscosities of gases decrease as temperatreases.

C) The viscosities of liquids obey a law of the Asmius type.

D) The viscosities of gases increase as tempergicneases.

E) The viscosities of liquids increase as tempeeati@creases.
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20. Water is transported upward in trees througimeéis in the trunk called xylem.

21.

22.

23.

Although the diameter of the xylem channels vairies species to species, a typical
value is 2.0 x 10 m. If the water surface tension and density aré 7@ 10° N nr?
and 997 kg m, what will be the maximum transport height of teter to the top in
the redwood tree?

A) 21.0m

B) 95.0m

C) 459m

D) 144 m

E) 214 m

The viscosity of ethylene at 25 and 101.325 kPa is 9.33 x%kg m* s*. Estimate
the molecular diameter of the ethylene molecule £€M.2.01 g/mol, M = 1.008
g/mol).

A) 0.14 nm

B) 2.22 nm

C) 1.19ntm

D) 0.42 nm

E) 0.67 nm

If the diffusion coefficient for insulin is 82101 m? st at 20°C, estimate the mean
time required for an insulin molecule to diffuseaingh a distance equal to the
diameter of a typical living cell (~ 10m).

A) 21s

B) 1.1s

C) 32s

D) 0.61s

E) 0.17s

The Arhenius parameters for the unimoleculanesazation of methylcyanide,
CH,NC(g) -~ CH,CN(g)

are an activation energy of 272 kJ/mol and a preeeptial factor of2.5x 10°s™.

Which of the following choices is completely cortrémr theAH* (in kJ/mol) andAS*
(in J/(K mol)) values (from left to right) at 22T~

A) 268,56.4

B) 272,435

C) 270,63.0

D) 264, 63.0

E) 276,240
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24. Given the following Galvanic cell Zn(s)Z(aq)||SA"(aq),SA*(aq)|Pt(s). If the
standard potential¥Zn?*,Zn)= - 0.76 V and the standard cell potentizdel = 0.91
V, then the standard potential of theé*®ar¢* redox couple is:
A) —1.67V
B) —0.15V
C) 150V
D) 0.15V
E) 167V

25. The flux of a property (J) is related to thedigat of the transported quantity (grad)
as ( is the transport coefficient)
A) J proportional tax?
B) J proportional to -1/grad
C) Jproportional to 1/grad
D) J proportional to I
E) J proportional to -grad
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Diffusion coefficient for gases: D = (1/3) vaye A

From ideal gas theory: average speed
Vave = (BRT/(mM))"*
M: molar mass of the diffusing particles

Mean free path: & = RT/APNA(Y2)o)
o= wd’: collisional cross section, d: particle diameter

root mean square displacement of particles during 1 dimensional diffusion in time t (=path
moved):

Xms = (\K<X2>) = \!(2 Dt)

root mean square displacement of particles during 3 dimeunsional diffusion in time t (=path
moved):

Xms = (V<x®>) = J(6D1)

thermal conductivity (gases): k = (1/3) (Cv.m/Na) Vave Np 2

N, denotes the particle number density, ideal gases: (Cv m/Na) = (3/2) kz and

Nph = 1/((N2)6), PV = nRT = (N/NA)RT, thus Np = (N/N,) = PNA/(RT) (for idea) gases

only) here: N, = const in the system
Gas viscosity: n = (1/3) vaNpAm, m being the mass of one particle (m = M/N,)

Poisseuille equation for the rate of velume of a liquid through a tube of radius r and
length L under a pressure difference AP: (AV/At) = (nr'/(8n)) AP/ AL, AP = pressure drop
along the tube

Stokes-Einstein equation: D = kgT/(6m nr) if r{particle) >> r{solvent molecule) like for a
protein

Ostwald Viscosimeter: i1 = Adt (d=density, t flow time, A viscosimeter constant)
Capillary effect: h = 2y/(dgr), where d is the density of the liquid g the gravitational

acceleration and r the capillary radius

L



Physical constants, conversion factors, and useful equations

Physical Constants
R =8.314 Jmol" K’

=0.08206 L atmK™” mo!”
= 0.08314 L bar K™ mol”

= 6.022 x 10°° mol”
=1.381 x 102 JK*
6.626 x 10 Js
96,500 C mol”
2998 x10° m s
9.81 m s*

]

L T T I VO

gm‘nn"n:gg

Sequential reactions:
A =>(ky) B=>(k;) C

[Bl=(k/{kz—k.1)) FDA]o
fit)=exp{-kit}-exp{-k-t)

The inverse of the
Michaelis Menten
yields the
equation:

1R, = 1Rpmax +
+ (Km/Rmax) (11{S]o)

Note:

0.51 mol™* dm*? (in H,0,

initial
kinetics

Lineweaver-Burk

Other Units

1dm® =1 L

1dm® =1000 cm’®
1J

=1 kgm’s?

1 atm =1.01325 x 10° Pa

1 atm =760 mmHg

1 Torr =1 mmHg

1Torr=133.322 Pa

1 bar = 10° Pa

0 degree Celcius is 273.15

Kelvin

Eyring equation:
k =ksTHhe?) x f
f =exp(AS*/R) x
x exp(-AHYRT)

In(1—-9)=-8
if @ <<1

half life
reactions:
tiz = (In 2)/K

for

1.

order

Important Equations
E =hv
¢ =vid
PV=nRT
AG= AH-TAS
Kk =A e—."“fR'.f'
k = M_e~a‘(r‘fﬁ?'
h
E, = A/H-PAV° + RT (sol)
= A/H°-SvRT + RT (gas)

fluorescence lifetime t; = (k¢ +kq[Q])'I
Q is the quencher

Lindemanp mechanism:

2A <=> A* + A forward rate constant
k,

backward rate

constant k

A% =>P rate constant ki

Kuni = Kska|MI(k[M] + k;)" where M
can be another A molecule or
an added inert buffer gas.

Langmuir isotherm (P is pressure,
theta is fractional occupation):
theta = KP/{(l1 + KP), at
T=const.

Michaelis-Menthen kinetics:

R, = }o[S|E]¢/([S]s + Ku), where 8 is
the reactant (substrate) and E
the enzyme

The

inverse of R, vyields the

Lineweaver=Burk equation

Kn = (k + kz)/k; maximum rate:
Rmax =V= kl[E]D

» Quantum yield = ® = moles of product formed/moles of photons absorbed




(RT)/F =25.6926 mV at 25°C for the In form e=16022x10"C

and RT/F = §9.1595 mV at 25°C for the logo form of the Nernst equation
€ =8.854x 107 C* ' m™

strong: Am = A'm — K (c/co)'?

weak: 1/Am = VAn + cAm [(A%) Ko

Born model: AG® sonaren =(1/6: — 126" N4/ (8nte0r)

Debye-Hiickel Limiting Law (DHLL): loggys. = -0.5092 |z.z| (UM)'?
or Inye.=-1.173 [z,z| (M)

For AyBu electrolytes: AyBm + H20 — n AY (aq) + m BY (aq)

The solubility product is: Kgp = (Cav+/Co) (Cpv/co) My ™"

AG = -nFE and thus AG®° = -nFE°®

AS = nF(dE/dt)p

AG=AH -TAS

™" =a."a" for A,B,

Inverse of the Debye-Hiickel screening length (x):

k= [2eNa x (1000 L m>Y(ecks 11" X [Psotven 1251

where | denotes the ionic strength of the solution, peiyen the density of the solvent,
and g, the relative dielectric constant of the solvent

base dissociation: B + H,O <=> BH" + OH’

The water concentration is large and thus constant
The initial concentration of base is ¢; = [B)p

The hydrolyzed amount is x =m/m,with my = 1 molkg

Equilibrium constant K = x’y?/(co — x} which yields x, y is the mean activity coefficient of the two
ions.

Quadratic equation: X2 + px + g = 0 with solutions x;; = (1/2)[ - p + {or -} {p° - 4q)'?}



/{ a /PT— - _{ /[ _ &SRT

e —— - = ——————
P N7 0- b =3 Goe T VM
Multiple choice
-2 T =1 T
LS L 8. 8 514 Z¥E K o
3T =5 v, = K 1ol _ 219, 2}
5 Sive "‘—____"—_ﬂLZ_——_— - 2t By
P T 13129 %

1. What is the diffusion coefficient of xenon (Xe) at 298 K and a pressure of 2.00

atm, given the collisional cross section of Xe as 6 = 5.8 x 10" m? and My = 131.29

g/mol? I = 29 ——i:{? 28K
62 ——- — )

i) T T e e I
C) 1.72 % 107 m¥s . 589006777, 2
D) 5.72 x 10* m’/s = 2435 0F om %_7___;@__———— —
E)0.18 m%/s YT
Ans: A Cmt

2.2 FooNEs o EL = LLFOS 0 T

D:j%rf'/ 3 J

—f g T
- | T 7T =
Multiple choice =/ -

2. At the same temperature and pressure, Dxe = 4.4 Dg,. What is the ratio, opp/oxe,

/ of their collisional cross sections if My, = 131.29 g/mol and Mg, = 222 g/mol.

D 3 v A
Hxe =Y = 2 Tave, xe Thge _ MRM ~ 6':&0

8077 .

i
C)5.72 3 vyt R “ 6_5"6_’_
D) .30
£)260 & 7 13029

) By _ 4y, xd:—‘{({)/zm, 2,399
Ans: A - = ‘ f?
()_Xc " = 3,3 1Y
Multiple choice
vas g o & 0 900 £ A 3
t = 37 = /Z
= 2.0, 1£00S -

Ky s, (8005
3. What is the ratio of the root mean square displacement in three dimensions (Iys)

to that in one dimension (Xyms) for a particle with D = 3.41x 107 m?/s in 900 s in case

/ of Tims and in 18005 in case of Xoms?

B) (/3"
) (6)”2




Es

D) (1/6)'" C, 0612 s - 2s
= /—/——’—f ’ L
E) 3/2 A YL ,,DJBQ/K;M“‘?,;}", 249471 5
Z
Ans: A

- 2‘(?'77‘?**}0":}'}1«

2. -F
= e 10 = 288 s,y
Multiple choice 2.58

4. The thermal conductivity of Helium, He, at 300 K and 1.00 atm is 0.0612 J/(K m

s). What is the mean free path length of He, assuming it to behave like an ideal gas

/ My, = 4.003 g/mol)? o = i (v g P X
A) 288 nm -3 A Ave o
B} 9.11 pm Co.
- 3 !
C) 2.9 mm /V.q - = 1()3' /;dez&a://; 507)
D) 96 nm 2 -
E) 3.0p /\ = ,C_tﬂ P A

— Al AVERT -
Ans: A Vove = 8 RT TS . 8312, 7 ' 3o
vl —
ks

J T YU.cos 107"

_ L2 g ol
Multiple choice = fe5ad < P 24
PA//Q. | afu . (01323‘%7(”1 ’59022'10 _7’/4/ ZJ"“A/A"L
T = R AT A
T3 3/(4‘(1,,04} - 3ookl A
5. The flux of a property (J) is relaled to the gradient of the transported quantity= 2, yyg . ;5251
3

A1y

/ (grad) as (o is the transport coefficient)

A) J proportional to -grad ) #

B) [ proportional to ¢ 3-:1 —oX 7 7o ef
C) J proportional to -1/grad

D) J proportional to 1/grad

E} J proportional to 1/a

Ans: A
Multiple choice

6. Thermopane windows filled with krypton (Kr, Mg, = 83.80 g/mo!) provide a
ten times better heat insulation than normal windows filled with argon (Ar,

Mar = 39.95 g/mol), advertisements ¢laim. What is the ratio of the thermal
&




T e o
conductivity of Kr (o = 0.52 nm?) to that of Ar (o = 0.36 nm?) and does it
fulfill the advertisment claim of a ten times betier heat insulation?

men atomic /panA ! (‘:’;m Seeenme

./ <A) k(Kr)/ k(Ar) = 0.478, does not fulfill the advertisement > Ko,

{/‘{D ) ' czyr &y

e
B) k(Kr) k(Ar) = 0.478, fuifills the advertisement mﬂh //V /() \ave A
C) x(Kx)/ x(Ar) = 2.09, does not fulfill the advertisement AL
D) k(K1) x{Ar) = 3.03, fulfills the advertisement = (%ﬁ ) ) /3 'Zr/ﬁ/”k'f )
E) x(Kr)/ x(Ar) = 0.33, does not fulfill the advertisement K < \Fgﬂ‘r/(}]’/ﬂ,w) H
}
- == ————
Mo A = JZ 6 ) \} P, _ 036 )39.as
Ans: A B G_’m My = P52 §2%, 80
= A.43%

Multiple choice (0% betley 115z la 1o rEg Sy e

that ok, = 0.52 nm” and o = 0.28 nm’ and that the molar mass of Kr is larger than

-
that of He which one of the following is definitely correct? ,{ =
— e ) PG V7 G-

A) Since g < e and Vaye kr < Vave He 1t follows that ki, < Kie_ A

B) Since Agr > Aire and vave kr < Vave te 1t f0llows that kg, < ke /{“'-'v‘ - 6';‘, 0,52

C) Since Axr < Ane and Vaye kr = Vave He 1t follows that ki, < xpge Akr G_/-if O, 2L

D) Since Ak, > Ape and vave kr > Vaverie 1t follows that ki, < ke oc

= I Y
E} Actually kg, > Ky
o = L = }‘gé/lkr:)/(kyC)(H

Ans: A Va,we,, He My, He <

= Vaye, He. 7 Y
Multiple choice ¢ e

__I_ (V,m _
=3 —7‘/&@’%/{ => W, < Ky
£

8. The adsorption of an organic compound on an adsorbent measured at 5 °C and

different pressures followed the Langmuir type of isotherm and a fit of 1/V_,_ versus

ads
1/ P gave, w
1V, =2.66201/P)+ 0203 {[ml

where V. is the volume of the adsorbed organic compound in mL and P is its

pressure in torr. The fractional coverage of charcoal at a pressure of 100 torr is,

D




Q:X’-'ﬁd’: Jﬁi i !

i
I N e
e, RPNy Ky, PO
B) 0.376 G260 1 L
= ToEE ——  ml = t.492 *
C) 0.430 Vim z. 293
Far 4 !
D) 0.203 Kf(‘? =2.662 7, K= z.éézd%"‘ff““ 5 L
E)0.612 7 7
= 0.0F626 T
Ans: A ore o
KP C.CRe2¢ T 100ty
6= TTEP ~— bort — =0 38

I+ &, ¢ . 106
Multiple choice OFE 26 7

=0, 88Y

9. The reaction,

Hy(g)+ I,(g) —» 2HI(g)

takes place in the presence of light . The mechanism which gives a rate law that
agrees with experiment is,

ol 1]
A LY
SEL e L(g) —s 21(g)

o= 20k —2k0)
_ijéH‘LJC?J -

K
T;jl(&“zngi 271k ) 2@ 3 2HI(g)

k
21(g) —*— 1,(g)

—_—

e e v o 1) = kb=
' kl#k;[/—fz]
sl 1] -
R EINTA] .
p-]
> _ kK, ?HJ [+ 12 72]
. K, (He
C) Rate = 13 1l2] ok,
ky + k5[ H, ]
D) Rarezklkl[Hz]Uz]
ky + ki [HT]
By Rate = L2l
ky + ki [HT
Ans: A




Multiple choice

= DI INK 10. The rate constant for the second order reaction between iodomethane, CHsl,
. .

R and ethoxy anions, C;HsO™, in ethanol solution is 9.86 x 10”° mol dm”s™ at 25 °C

= 746/% a0 and 6.17 x 10%mol dm™ s at 65 °C. Calculate the activation energy in kJ mol ™

= 338, 5K uits. B o= G Kk, R o S,
—- =3 - - = —
e 7 S F
B) 116 ' L 7
é’;BIL(K____g“/ "l 7410 )
C) 300 Ea = ___ & E.(F.jO 3 F
I f 286647 ;o
D) 104 334,15 7% )
E) 400 or 7 fo F
Ans: A - ’ Wﬂ'(’
k. T ﬁs#//e _ AH%T
= R & -
Multiple choice k hhe - f:"’” ””OW
Cerety
+ @ r
OH = £ - RT

11. The Arhenius parameters for the unimolecular isomerization of
methylcyanide,

CH,NC(g) -» CH,CN(g) T ESfTe K

232
are an activation energy of 227 kJ mol™" and a preexponential factor of [
2.5x 10" 57" Which of the following choices is completel; correct for the AH* (in
kJ/mol) and AS? (in J/(K mol})) values (from left to right) at 2232 L.27 CC

v . % : k3 -3 k3
aAH = EGI"‘RF = 2_:?‘2;—:6 - 8,314 10 ;:; Seeiry

k
B) 270, 63.0 = 26 BV 5 = 248 AJZ,A/
. =+ 1073 74
€)264,630 AS™ = p g, h A ) 231%%3“{ 2 6.626:10" I 2.5 3L
. ' _'_.__—‘_‘_‘——_—_‘_‘—I—-—-
D) 272, 435 @k, T "” e 1,381 % 3

VI~ 'J'“C’C*./_rk

E) 276, 240 _ 9_
= 8.3
Ans: A %KMM,@(QQZ,Z,?-)
- > >
- SJBIL’ ——— . —_ ) QLZ /"—‘—_——

oA




b
Phot = 4)“;(5:

2—5_31'9’/()'-9

-3y
£.626:16777, ~2ﬂ?ﬂxoﬁ’}e

Multiple choice s/
= 2.83¢ .67 F
12. Consider the photochemical decomposition: ’%’Z.Hf = _£ = 30?6 3
Gt F 30077
2HI — H, + I, 2/
= 3]?2// v &
With light at A = 253.7 nm , absorption of 3070 J of energy decomposed Y,
_ P;}::K
1.30 x 1072 mol HI. The quantum yield of this reaction is: %PAC-{ - T

A)?2 3,92 10° _
/© -2 = — = é._g“;;.;(; 3,}”0’(

Phet 5’,0124023’*‘{-“

B) I L LS oy oy O
C)5
) Nt = 1.36 167 ool JB = (3.0 23 ot
D) 10°
P ol o
E) 0.5 ¢ = A = 22 _ . a9t
Phet &, 51
Ans: A = 7_

Multiple choice

13. If the diffusion coefficient for insulin is 8.2 x 107" m” 5! at 20 °C, estimate the
mean time required for an insulin molecule to diffuse through a distance equal 1o the

diameter of a typical living cell (~ l0um). S = J&D+#

- 2 ot
Ir //0-!06044) :2‘3’.240{’3’—- t

B) 0.17s o w2
[10 m? = Mo 5 2

C) 21s
-0 2
11077
D) 1.is = ————— T O, 40955
.Y 1o 7
g
E) 32 = 0.6/
Ans: A

Multiple choice

10




- A
7"3\’3u¢/{/73/£‘77) /

- MA = L
. =BT g Z6
VQM{_ o 7T AT
14. The viscosity of ethylene at 25 °C and 101.325 kPa is 9.33 x 10 kg m”
Estimate the molecular diameter of the ethylene molecule[,yr = 12,00 ‘7?/,,‘.,(’
- '/ My, = loos ?/hé,g) o~
- F
&~ &,31Y . 2e&, 185K ¢ . il
7 B) 0.14nm V[ )) Kot 272 2R e 436
o, 028es2 '
M= (212,01 C) 0.67 m / ozsose e
DA M o Ly L A
t‘iul.obﬂ)‘%{m{D) 1.19 nm 3 awve jTe G
= 2805170 6= Yare A 43030 T 0 uyoss K
jy, E) 2.2 nm D ﬁz ’ e d
= 0025052 ~& kg
/JAnS'A - Ly S T3 10T 00 Bl 2
: = 53X e. s g,
2
6= 7ol A= J—-;,B—:-—,,- I L& 07, 2 3 )< /b_)b
Multiple choice 7w - 1 Z KJ|

=0, M2 7mn

15. For the protein myoglobin in water at 20 °C, the sedimentation coefficient is Sseq =

2.04 x 107" 5, the diffusion coefficient is D = [.13 x 10" m*s™, and the specific 7= 793, 155
volume is 0.740 cm’ g”'. The density of water is 0.998 g cm™ and its viscosity is 1.002

cP at the same temperature. Estimate the radius of myoglobin, assuming it to be

f. [ y — 23 . N
spherical. ¥ = 381 10 Fp - 213085 K

b 1002 107200 Kg 5., m®
A) 1.89¢nm 7 oy s

-3
B) 3.150 nm = |, 8369 Y M = /‘gf?;znm
C) 4.115 nm
D) 5.232 nm

E) 9.114 nm

Ans: A

Multiple choice

p T v (1-Tet)
- "‘r.:{o( o W?y 7= {T{f-y_wa(
A= BT Seor

P L1~V o o MOVl RTs L f1-Vet)
RT JJ?‘ W ’ = — —

Sy = D84 Sseer £ty My D(-Vol) S

émy D 27" Lrpoa, 5 7 B




= Q,031ZM = O, 0311 Loy =2, 0317 i

~2
0,632 16 __{:_r_#”

((C?m) >
. N P
16. The conductivity of a 00312 M solution of a weak base is 1.53 x 10* S cm™ . If
the sum of the limiting ionic conductance for BH and OH- is 237.0 S em? mol™', what
is the value of the base dissociation constant K,?
7~
—_ + o
\/<A)1.3 30 ) B tHyo = BH tor
BHT)/ €O
B) 2.11x 107 Kp = __{JL)
LRI
-
C) 3.21x )0 ;\_L_, — -_% + Ca/‘ __,-( B __f_ C:/‘lh
q 2 /I"'-: o vL [/‘ o - o 2
D) 1.51x 10 }\Z(Am) m A, }’(e.(”m)
E) 2.12x 10°® v
1,{ /\m /]""" - /llfﬂ @ /‘ = ,__I..d.-—
Ans: A = T . e o -
\ PR
Multiple choice /Lho - 220 /“‘”’ e = 4.9 Gﬁ:‘—(;
C.03 r‘Z o~ 2 ;
.90 .23% e B
K, = a9 —q@q ' 003029 = 1136210
17. Liquid A has half the surface tenswn an twu,e lhe density of liquid B, at 25 °C, If
the capillary rise is 0.01 m for liquid A, then in the same capillary, the capillary rise
' Z,
for liquid B will be h = &}3’7
A) 0.04 m LIA ¥
SEED b L ng
B) 0.0l m [ B Ay
C) 0.02m
,;Q:fghoéq oy, 2l
D) 0.03 m - =
E) 0.05m L
=) = 4 =0, 04
Ans: A ]A 3 A ™

Multiple choice

18. The densities of acetone and water at 20 °C are 0.972 g em™ and 0.9982 g cm™,

respectively. The viscosity of water is 1.002x10” Pa s at 20 °C. {f at 20 °C water

12




7 = At

requires 120.5 s to run between the marks on a viscometer and acetone requires 40.5

s, what is the viscosity of acetone? ‘)Z OZ fw
/ 2
A) 3.28x10% Pas ' Bl '
A
B) 2.90x10” Pas o T8, j20,5 S 2 ossST
e ¥ - /
-~ (v ‘? ?‘2— d/&(;'s

C) 1.03x107 Pas
. -3

2 (OO2:10 Fx s

D) 3.06x107 Pa's 72 = e =

A 2, oS5E 3,0 £55
E) 6.56x10" Pas y

- -4
Ans: A = ’3’2’-—7—?’3”&[2)@5 ..':3123) '/0 PC{_{"

Multiple choice

19. Which of the following statements 15 not correct?

/ e viscosities of gases decrease as temperature increases. (Yt €@V 7CE

——

B) The viscosities of gases increase as temperature increases, 7 ~NT ¢ cw‘t’@C‘f

. S R
C) The viscosities of liquids increase as temperature decreases. n e forre =0
D) The viscosities of liquids obey a law of the Arrhenius type. S &&= C)
E) For gases, viscosity is proportional to T being the temperature in Kelvin, ¢ oe @)

Ans: A
Multiple choice

20. Water is transported upward in trees through channels in the trunk called xylem.
Although the diameter of the xylem channels varies from species to species, a typical
value is 2.0 x 107 m. If the water surface tension and density are 7 4N m’ (

and 997 kg m™, what wili be the maximum transport height of the witer to the top in

the redwood tree? 0-3 fl\f_
0.4 '}% I m
A) 144m
13
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Mo X1 mnt Los? l" Ov'F g = ! cos & :/

- Ly —

oy O
C) 459m Ag T €7

l o
D) 95.0mI’\ 2“‘70-%’* 10~3
= = o
E) 214m 79 "37‘”3 Lo 0y 980 T

B) 21.0m i/l

Ans: A =

‘ Leq /4‘1»4
w3, AT

Multiple choice

21. The Galvanic cell Cu(s)| Cu**(aq)| Ag'(aq)} Ag (s) is based on the following cell
reaction:2Ag"(aq)+Cu(s)—2Ag(s)+Cu**(aq). Note that T = 298 K and the standard
electrode potentials are E%(Cu®",Cu)=0.34V and E%(Ag",Ag)=0.80V. Which of the

following statements are correct? .

Eo-"—‘ ﬁga’qéﬂl dfﬂccf_pyé o O
(1) The silver electrode is the cathode and the copper elecirode is the anode. = EA;/@ Q(‘-*/Q,{
Covrect

cen . . , = [0,&0—0,39}(/
(i1) Two moles of electrons flow through the external circuit from anode to cathode

=o kg v
when the cell operates. €™ F (6w &/{7& o 7ig b7 _ -
W}Am £ > o / (’arrcc}f: .—.2 Te&&“mbﬂ 1"1?7[:%
(iii) The standard cell potential is 0.46 V. fer Az
Covve c_{‘ oA Aol e o (G%’?f
, . . . e -1 94
(iv) The change in Gibbs energy for the cell reaction l_S(’@ 88,766 J mol ™, 7[01 Cer /&’\
(01‘)’CC/ B 0&
> vee = cahe
OX [ = g ﬂa&
B) (i . * 2
) (i) only At le = 2T z Ay
C) (i) and (ii) only. E° >,

?szczéf‘aﬂ = ¢ L\./‘V’)rﬁcc»;j

D} (111) and (iv) only.
= ALZ?‘ moﬂg( Yis by f- [q'{idCl(

E) None of the statements are correct.

Ans: A p
“F o= .. 235
NG =-2E F=-=2 Q%V“M‘/‘Pf&-‘i
Multiple choice =~8% 764 __"_/_’ij_ = gy_-?_“,,lf_?-‘—-
/ el Wi

14




g - = FY - o
S R TPy

22. Given the following Galvanic cell Zn{s)|Zn*"(aq)||Sn*"(aq),Sn” " (aq)|Pt(s). If the
standard potential E%Zn** Zn)= - 0.76 V and the standard cell potential E’cell = 0.9]

V, then the standard potential of the Sn*'/Sn** redox couple is:

\/@ =) oV = EJ:”/;‘,.,"” + 0 ¥V

B)-0.15V

o
=(Caqt-~0 2/ V= Q0 (T
Efn%/j,,,” ( / /

C) 150V
D) 1.67V
E)-1.67V

Ans: A
Multiple choice

23. The following reaction corresponds to cletroextraction of aluminum from

aluminum ore;

213A1L,0s - 4/3A1+ 0y, AG® = +966 kJ mol”!
= P65 10 s ? =4¢C 10
The minimum potential required to drive this reaction at 500°C is: o

3+ Y

03 VAs
C) 4.5V . 2 & 166 WV

£ = —_—— = -

D) 3.0V &F G 96 48S AL
Pl
E) 1.2V
= ~2,50V
Ans: A

=3 é’jfb( ’T‘e.czc./(('c:ﬂ? /\f‘ Flert — f/_)an ZKEZ/I’!C%
Jivce E° < o
Multiple choice =) 61/7‘5 /c:gc_f/ 2. 58V ecteas &

ke 71 Zm&/?/ﬂw—f /




A T - L 2
— L= c (2% +
/l@ Br — /% t Z Ay z ( 2¢<)
z 1
_ _ = 7 '6c =3
24. Given that the mean activity coefficient, v, in a 0.100 mol kg™ MgBr;(aq)
solution is 0.524 at 25°C. Determine the percentage difference from the value ©. 300 by

predicted by the Debye-Hiickel limiting law?

‘/ @ PHLL (?/ é = - Qo Jogz . th/l]/czg

c 7
B) 11% . - o SE*E
? , SSF&
Cy 15% y - o0 e
D) 17% £ )
y/
E) 21% p 0(2963-0.5“2%[\}0090 ~ q%]? o
7o Gﬁ#" T o852 .
Ans: A — «,{?‘/&

Multiple choice

25. The solubility product of K,80; is (y. 1s the mean activity coefficient):

/! K, S0, 7 24 50,

5.3
B) 483717 ) a’
C) 48 'Yi- KJP = ak-t 50‘1‘}_‘-
D) 487%™ 2 2
E) 487y, = G b/j_- ; C?S‘,:- é/_r
Ans: A
ns CM+ = Z,S ; Fsoﬁl"‘" S
2 z
Kﬂ’ 5> = (23) e S Y.
- 3 2
157y,
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