CHM 1311 -F

Your Name:

First Midterm

(Prof. S. Gambarotta)

Student #:

W=

of calculations to show your reasoning.

Read carefully:

Cellular phones, unauthorized electronic devices or course notes (unless an open-book exam) are
not allowed during this exam. Phones and devices must be turned off and put away in your bag. Do
not keep them in your possession, such as in your pockets. If caught with such a device or document,
the following may occur: academic fraud allegations will be filed which may result in your obtaining
a 0 (zero) for the exam.

Please do not un-staple the booklet

The solution key will be posted on the web on Wednesday.
You must respond to all exercises.
Periodic Table, Electronegativity Table and relevant values are at the end.

A few scratch sheets are at the very end. Report in the booklet the minimum amount
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By signing below, you acknowledge that you have read and ensured that
you are complying with the above statement.

Signature:
1 /2 6 /1
2 /3 7 /2
3 /2 8 /1
4 /4 9 /1
5 /3 10 /2
Total/21 =
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1. (2 points) Terephthalic acid, used in the production of polyester fibers and films,
is composed of carbon, hydrogen, and oxygen. When 0.6943 g of terephthalic acid
was subjected to combustion analysis it produced 1.471 g CO; and 0.226 g H,O.
What is its empirical formula?

Grams of C in the sample: 1.471/44 x 12 = 0.40

Grams of H in the sample: 0.226/18 x 2 = 0.025

Grams of O in the sample = 0.6943 - 0.40 - 0.025 = 0.269
Moles of C=0.40/12 = 0.033

Moles of H = 0.025/1 = 0.025

Moles of 0 =0.269/16 = 0.0168

The ratio would give C2H1.501 and which should be multiplied by 2 yielding:

Anw. C4H30,

2. (3 points) Balance the following equation:

Cas(POs)a(s) + SiOas) + C(s) — CaSiOs(s) + CO(g) + Pas)
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P exchanges 10 electrons to get into P4 and C exchanges 2 and the electron balance
yields:

2Ca3;(POs)a(s) + SiOx(s) + 10C(s) — CaSiOs(s) + 10CO(g) + Pa(s)

the subsequent mass balance yields:

2Ca3(POa)s(s) + 6SiOa(s) + 10C(s) — 6CaSiOs(s) + 10CO(g) + Pa(s)

Answ. 2Cas(POs)a(s) + 6SiOx(s) + 10C(s) — 6CaSiOs(s) + 10CO(g) +
P4(s)

3. (2 points)
Aluminum metal dissolved in hydrochloric acid as follows:

2Al(s) + 6HCl(ag) — 2AIClL(aq) + 3Ha(g)

a. What is the minimum volume of 6.0 M HCl(aq) needed to completely dissolve 3.20
g of aluminum in this reaction?

b. What mass of AICIl; would be produced by complete reaction of 3.20 g of
aluminum?
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a. What is the minimum volume of 6.0 M HCl(aqg) needed to completely dissolve 3.20 g
of aluminum in this reaction?
b. What mass of AICl; would be produced by complete reaction of 3.20 g of aluminum?

Moles of Al =3.2/26.98 =0.118
Al +3HCl > AICl; + 3/2 H»

Thus moles HCI needed: 0.118 x 3 = 0.356 which, divided by the molarity, corresponds
to 59.3 mL

The mass of AICI3 =0.118 moles x molar mass AICI3 =15.8 g

Answ. a) 59.3 mL
b) 158 g

4. (4 points)
When light of frequency 1.30 x 1015s-1 shines on the
surface of cesium metal, electrons are ejected with a
maximum Kinetic energy of 5.2 x 10-19 J. Calculate (a) the
wavelength of this light; (b) the binding energy of electrons
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to cesium metal; and (c) the longest wavelength of light
that Will Eiect EIECtl'OllS. Ephoton= Ebinding + Ekinetic

8
417 (@) 1= =298 X0 WS gy 107 m
v 130 x 10° s

(b) First determine the energy of the photon, then use Ebinding = Ephoton — Ekinetic
Ephoton = hv=(6.626 x 1024 J 5)(1.30 x 103 s71)=8.61 x 10717 J
Ebinding = (8.61 x 10712 J) — (5.2 x 107°]) =34 x 107'°]

(c) The longest wavelength that will eject electrons corresponds to a photon

with energy equal to the binding energy: A = he
binding
—34 8
7L:(6.626 x 107" Js)(2.998 x 10° m/s) _ 58 % 107 m

34 x 1077

5. (3 point)
Determine the frequencies that hydrogen atoms emit in
transitions from the n = 6 and n = 5 levels to the n = 3 level.
(En=-2.18 x 10-18 / n2)
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Energies and frequencies for transitions in hydrogen atoms can be calculated
from the equation for hydrogen atom energy levels:

-18
g o218 107
n
_ -18 _ -18
AE. =E E, :( 2.18 x 10 Jj_[ 2.18 x 10 J]:1.817 < 10
6 3

-19
v= £= 1.817 x 1934 J —274 x 1014 S—l
h 6.626 x 107" Js
218 x 107'® J]_[—z.ls x 107" J

5? 3?

AE, ,=E,—E, :{ j=1.550 x 107 ]

-19
y =B 130 X0 T 55y 5 104 5

h o 6.626 x 107*7Js

These photons lie in the IR, just short of the visible spectral region (see Figure
4-4).

6. (1 point)
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For the following sets of quantum numbers, determine
which describe actual orbitals and which are non-
existent. For each one that is non-existent, list the
restriction that forbids it:

n 1 m ms
(a) 5 3 -2 -1
(b) 5 3 -3 +1/2
(c) 3 3 -3 +1/2
(d) 3 0 0 -1/2

Remember that » must be a positive integer, / is restricted to zero and positive

integers less than n, m; is restricted to integers between —/ and +/, and m;

1 1
=+—or ——.
2 2

(a) Non-existent: ms must be +% or —%; (b) actual; (c) non-existent: /

must be less than n; and (d) actual.

7. (2 points)
Determine the Lewis structure of each of the following
polyatomic ions. Include all resonance structures and

formal charges, where appropriate: (a) NO3~; (b) HSO4; ()
C032-; and (d) ClO2".

Optimize electron configurations of the inner atoms. The inner atoms in
(a) and (c) are second row, so complete their octets. The inner atoms in

(b) and (d) are third row, so reduce their formal charges to zero by
making two double bonds to each:

. '3— N :C .
@ ®) :0—H @ ||
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The outer oxygen atoms all are equivalent, so all but (d) have three
equivalent structures.

(a) . .
: o - o I t0: -
— s |
0—ny—o 'O:'N—.Q, 10—Nn—0:
.E)'. - Sl T to: _
Mo [ Ll
b—s—n. ¥ 0= L T = —
I ' | |
0 —H ‘0 —H ‘0—H
) 0% 2 - o T 10! 2a
I R N
:0—c—0: O=c—o0: :0—¢—0:
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8. (1 point)
Identify the hybrid orbitals used by the inner atoms for:
S03, SOz, CHCl3, PBrs

Use the Lewis structure of the molecule: (a) sp? hybrids; (b) sp? hybrids; (¢) sp?
hybrids (d) sp? hybrids.

9. (1 point)
Both PF3 and PFs are known compounds. NF3 also exists,
but NF;5 does not. Why is there no molecule with the
formula NFs?

The Lewis structures of molecules with formula XF3 show octets around the
inner atom and FCx = 0, making them stable. Compounds with formula
XFs also have FCy = 0 but have five electron pairs associated with the
inner atom. This is possible for phosphorus, a third-row element that has d
orbitals available for bonding. It is not possible for nitrogen, a second-row
element that lacks valence d orbitals:

I'F'- F
5\}{ . A
— F: " )

" wt - F }q
" S

X= Norp F:
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10. (2 points)
Use molecular orbital diagram to rank the bond energies of the
following diatomic species from strongest to weakest:

Hez, Hez* and Hez2+

Hez2+* He;* He:
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Data For Water

Density =1.00 F/mL (at 25°C)
s=2.13Tg" K7 (solid)
s=4.184 T g’ K (liquid)
$s=2.01Jg' K" (gas)

AHCg = 6.02 kJ mol™
AH®,p = 40.7 kJ mol™

Constants and Conversion Factors

I mmHg=1torr 760 mmHg=1 atm 1 atm = 101.325 kPa 1 atm = 1.013125 bar
lem’=1mL 1000mL =1L 1000L=1m’
6.022x10% mol™!

Avogadro’s Number
Boltzmann’s constant
Faraday’s constant
Gas constant

1.30866x102 K™
96,485 C'mol!

8.31451 J K mol!
0.08206 atm'L-K  -mol!
8.31451 m*Pa-K ™ 'mol™
0.0831451 bar LK *mol™
6.62608x10°* Is

2.99792458x10%°  m-s?

Planck’s constant
Speed of Light

I

Qativity

Electrone
P N
(=}
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FIGURE 8.24



Gas Laws

PV = nRT

AV _BY,

L T

PT = P1+P2+P3+...
m _ P-MM

\% RT

lmv2

2

f 3R
ul'mS
MM

Rate A _ |MM,

Rate B '\ MM ,

d:

Ey

iﬂ

2
(P+I;/—f) (V-nb)=nRT

Equilibrium
Kp = Kc(RT™

Acid/Base

pOH = -log[OH!

pH = -log[H']

pH + pOH = 14

K.x K, =Ky

pH =pK.+ log [A]/[HA]

pH - pKal + pKaZ

2

Thermochemistry

AU=q+W

Wystem = -PAV =- AnRT

AH = AU +PAV

qer = AU +PAV

q=msAT

AHp® = Y nAH¢(pdts) - > nAH¢(rxts)

The atom
E=hv
c=vVA

E=-B/n’

Kinetics
[Ali=[A],—kt
In[A]; = In[A],—kt

1/[A]:= 1/[A]o + kt
k= AetERD

In(ko/ki) = (-Ea/R)(1/T - 1/Ty)
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