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Chem 370 - Spring, 2019
Assignment 4 - Solutions

_N.
1. (a) NH, HI-‘I "H
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%

r,|12 0 2

n

I',,=3A,+A,+4E
rtrans = Al +E rrot = A2 +E
I, =2A, + 2E =4 frequencies

Infrared 4 (2A, +2E)

Raman 4 (2A, + 2E)

Polarized 2(2A,))

Coincidences | 4 (2A, + 2E)

Silent modes | O
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Ir,,=A,+A,,+B,+B,,+ E, + 2A,,+ B,, + 3E,

Cins =As +E, T =A, +E,
I,6=A,+B,+B,, +A, +B,, +2E, =17 frequencies
Infrared 3(A,,+2E)
Raman 3(A,+ B, +B,)
Polarized 1(A,)
Coincidences | 0
Silent modes | 1 (B,,)
H\
(c) H,CO =0
H
C,| E C, o(xz) o,2)
N, | 4 2 2 4
v | 3 -1 1 1
r, |12 -2 2 4

I';,=4A, + A, + 3B, + 4B,

lNiws=A,+B,+B, I, ,,=A,+B,+B,
I';,6=3A, + B, + 2B, = 6 frequencies
Infrared 6 3A, + B, +2B,)
Raman 6 3A, + B, +2B,)
Polarized 33A)
Coincidences | 6 (3A, + B, + 2B,)
Silent modes | 0
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i
(d) PF, F_ﬂx;
F

D, | E 2C, 3C, o, 2S, 3o

\4

N|l6 3 2 4 1 4
w13 o -1 1 2 1

r,[18 0 2 4 2 4
I,,=2A,"+A,+4E" + 3A," + 2E"
1—‘trans = E/ + A2” 1_‘rot = A2' + E”
[5,,=2A,"+3E"+2A," + E" = 8 frequencies

Infrared 5S(BE'"+2A,"

Raman 6 (2A,"+3E'+ E")

Polarized 2 (2A,)

Coincidences | 3 (3E")

Silent modes | O

H\$/H
(e) C,H (staggered configuration) H\Ili
T
D, | E 2C, 3C, i 2§, 3o,
N, | 8 2 0O 0 0 4
v | 3 O -1 -3 0 1
r,,[24 O 0 0 0 4
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r,, = 3Alg +Ay + 4Eg +A,, +3A,,+4E,
l—‘trans = A2u + Eu 1—‘rot = A2g + Eg

[5,6=3A,+3E,+A,, +2A,, +3E, = 12 frequencies

Infrared 5(2A,,+3E)

Raman 6 (3A,, +3E)

Polarized 3(34,,)

Coincidences | 0

Silent modes | 1 (A,,)

0—0
(f) H,0, H/ ‘H
N; | 4
v | 3 -1
r,,[12 0
I';,=6A + 6B
INws=A+2B TI,,=A+2B

trans rot

I';,c = 4A + 2B = 6 frequencies

Infrared 6 (4A +2B)

Raman 6 (4A +2B)

Polarized 4 (4A)

Coincidences | 6 (4A + 2B)

Silent modes | O
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(2) SeFs Fde T

»| E 2C, C, 20, 20,

C
N6 2 2 4 2
X

r,,[18 2 -2 4 2
I';,=4A,+A,+ 2B, + B, + 5E
l—‘trans = Al + E 1—‘rot = A2 + E
I';,6=3A,+ 2B, + B, + 3E =9 frequencies

Infrared 6 (3A, + 3E)

Raman 9(3A,+2B,+B,+3E)

Polarized 3(34)

Coincidences | 6 (3A, + 3E)

Silent modes | O

F
] | F
(h) AsF, : IS‘F
F
C2v E C2 GV('XZ) Gv(yz)
N5 1 3 3
w3 -1 1 1
r, |15 -1 3 3




I, =5A

I,..=A +B,

trans

,+2A,+4B, +4B,
+B, I,,=A,+B,+B,

I';,c=4A,+ A, + 2B, + 2B, =9 frequencies

Infrared

8 (4A, + 2B, +2B))

Raman

9(4A,+A,+2B,+2B,)

Polarized

4 (4A,)

Coincidences

8 (4A, + 2B, +2B,))

Silent modes

0

]
B Be\F
D, | E 2C, 3C, o, 25, 3o,
N | 4 1 2 4 1 2
v |3 0 -1 1 -2 1
r,{f12z o -2 4 -2 2

T, =A,'+A, +3E +2A," +E"

r

trans

=E'+A," T,=A+E"

I';,6=A,"+2E"+A,"” =4 frequencies

Infrared 3(2E'+A,")
Raman 3(A,"+2E")
Polarized 1(A))

Coincidences | 2 (2E")

Silent modes | O
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F
o /
(j) trans-FNNF /N =N

N|l4 0 0 4
w13 -1 3 1

r,|12 0 0 4

I;,=4A,+2B,+2A,+ 4B,
Fis=A,+2B, T,=A,+2B,
[';,6=3A,+A,+2B, =6 frequencies

Infrared 3(A,+2B)

Raman 3 (34,

Polarized 3(3A)

Coincidences | 0

Silent modes | O

N=N
(k) cis-FNNF F/ \F
CZV E CZ GV(XZ) Gv(yz)
N4 0 0 4
w13 1 1 1
r,|12 0 o0 4

I,,=4A, +2A, + 2B, + 4B,
l'iws=A1+B+B, I =A,+B +B,
I';,6=3A, + A, + 2B, = 6 frequencies



Infrared 5(3A, +2B,)
Raman 6 (3A,+A, +2B,)
Polarized 33A)
Coincidences | 5 (34, +2B,)
Silent modes | O
S
|
() S,0,* O/f\'O
O
G, | E 2C; 3o,
N, |5 2 3
v |3 0 1
r,|15 0 3

I';,,=4A,+ A, +5E

T =4,

trans

+E I,,=A,+F

rot

I';,c=3A, + 3E = 6 frequencies

Infrared 6 (3A, + 3E)
Raman 6 (3A, + 3E)
Polarized 33A)

Coincidences | 6 (3A, + 3E)

Silent modes | O
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H. _H_ __H
(m) B,Hg H(B\H/B\H
Dy, | E G GC) GCx) i oy olxz) o(yz)
N, | 8 2 2 0 0 2 6 4
v | 3 -1 -1 -1 -3 1 1 1
r;, 124 -2 -2 0 0 2 6 4

I, = 4Ag + 2Blg + 3Bzg + 3B3g +A,+4B,,+3B,,+4B;,
1—‘trans=Blu+B2M+BSM 1_‘r0t=Blg+BZg+BSg
I;,6= 4Ag + Blg + 2Bzg + 2B3g +A,+3B,,+2B,,+ 3B;,

Infrared 8 (3B,,+2B,, + 3B;,)

Raman 9(4A,+ B, +2B,, + 2B;,)

Polarized 4 (4A,)

Coincidences | 0

Silent modes | 1 (A,)
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