Chemistry 6330
Fall Semester 1 2019

Midterm Exam

Name: K e\J‘

Question 1: pts/ 20 pts
Question 2: pts/ 25 pts
Question 3: pts/ 25 pts
Question 4: pts/ 10 pts
Question 5: pts/ 10 pts
Question 6: pts/ 10 pts

TOTAL: PTS /100 PTS



Name: _Z. e,,‘\)l

(1) 20 pts] Consider a group of order 7.

(a) [15 pts] Build a group multiplication table for the group.

(E.A®.C D.F.a%

le A & ¢ b F &
E|€ A B C b F a
Ala B C D F G ©
B Il ¢ D F & E A
¢c e > F G BE &~ B
b (D F @ E & B C .
F |l & £ A B ¢ D
& |a € NS

(b) |3 pts] Is this group cyclic? Justify your answer by showing your work. :

\{-65 MR SY eyelie Qroue R L JRRYoN Wi e e\
elements Comarte. s e true L\sowe |
e.Q. AR = RA =C |, c¥=A = FC | eke.

{(c) |2 pts| How many subgroups are in this group?

ﬂ/\e_ oder ke qdsragop g, must be an  (nkeges
A?ulg@r o@ lb./-t cedes of tlee kurcée_r %rau\?,(a\.

Given =1 o0 srimt coses | oonly 7 and
GAR . Foebl'lb\& wolues Lot O Croen W=, c&r-"(
s Just e openp | aod  the elearent (&l

s +\/\'¢; o(\\\} COE (,Jb\,‘\cl/\ CDM‘\}.\-&‘&*QS C %(‘OLL}-

<f>Q oraer L.
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Name: \4 Q\J

(2) [25 pts| Consider the symmetry elements C;* and o,.

(a) |3 pts| Consider a rotation about the C;* axis operating on a general Cartesian point (a,b,c). What is the
Cartesian coordinate of the transformed point? Show your work.

® ' G g
L&) — (%l
(_C,\ (QJC'B

—%\5

-\t b, °>

(b) |3 pts| What is the transformation matrix for applying this C;* operator?

O © N e
0 -\ O s _— |-
0 o -\ C - ¢

LY Bxd By \

(c) |13 pts| Consider reflection through the o, plane operating on a general Cartesian point (a,b,c). What is
the Cartesian coordinate of the transformed point? Show your work.

e =
6‘% -

Ty
La“f:"’\w . (c\\f ) [‘%’& S [ _

e

DG e

(d) |3 pts] What is the transformation matrix for applying the o, operator?

| ) o (S LA
o 1 o\l] —\®
SO ¢ e
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Name: M- e—\-
@13 pti ] Do these operatlons commute? Show your work

Ca¥ o0 (®) = ¢ () ¥ G‘O’“‘D\ [ 1&
é’

S 0 G (B) » 0y (B ‘>—b P“ Ul— . O’“.al .
? Vo O
oo e Nes % ooy [o SR 3

o
v
DMK & ’&{ ‘q (— c
(f) [10 pts] Derive the generalized transformatlon matrix for a C rotatlon around the y axis. Show your

work.

y; X, = U SN ¢
D) 2 :C cos P
& (%, %) S U CRE:D conf B
— & . (‘3\;(\\?5(_059 + C ~

- v s + 2 06
%1:rco‘b(9+¢> \
b )
¢ oS ¢ QOQ)@ - [ SN ¢ “;((\6_‘

(I M’
2, i
= %, cos € - ¥, 20 &
7 %, Y. s & +;\5§n9}:[x1’&
[ ' 1{:3\% :(_-\(\%\\f\g v 2 o5 3
Lyl
AN
(os O s © N ‘nelude \5 oyt
? :i'z‘;tr\@ cC% O Undes Y value deoes ek

.f'__\f\CAf\Cce ’ S0 \{ i b \) -

50 © LD

X, X
) | O q| = \/1
PN > b © <, %1
L \ 11-(—
v O os £ 0 an S
Grenesel 1 2 NGy e
O { o
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Name: K QL\
)

(3) (@ [20 pts|] A blank character table for the D3, symmetry point group is shown below. Use your
knowledge of the properties of groups and representations to generate the five irreducible
representations A, A,, B, By, and E. Show your work (i.e. explain how you arrived at answers)!

Ds |E 26 3G, o 28, 3o,

Ay |0 \ \ \ ‘ \ : x2 +y2, 22
Ay | \ 2 \ \ -\ R,

E |1 -\ o 7 - o |G (x2 = y2, xy)
Ao \ \ S| -\ -\

A7 Y { -\ -\ -\ \ z (xz,yz)

E” | -\ o) -1 \ O (RyRy)

- The sum of e SOALTES of e dcructers Lndes B
%\JQ c\\N-L(\Q LN, A ceps -~ \ = (-Q?%- —_ L (Z ?*93
5 A ndlcckes FWWIUUL VSRS PAR. ,wbu:c,\k = C= 0 Doy

DEN Gfoue . AW AT reps bove U cader Z20-  colamn L?.p'cs.)
A aned
(T

| U\\D%CVKFJV 1\'\d CQJ&Q,& quMeJ':C‘\/ W ot Cl A 03

A\ ca-e;k N ueders 5Cq A'?, ane) -sz %@c -\

- Y edicokes /yvﬁo wun s N )M ndteekes X Lo urdes O .
[AN

Aloed Ay agd L AT and Ay ekl £ st be o

\xosr Lot dnoracker cod B amush e tepokiue (nped

— 1‘\ TR Cm\/ &L(Mrv»c,%nc, TR, e\ clmuruck—ﬂs U tlk\“

= Use ovkvo%onu\\k-xj to complere A pemeaningy U D reps. By
Sy. TR oo 0 « BHRED + YD+ D - GO

o= L+ T~ « B\J Y e \5 sk e A\
O(\L\] Po‘bgt\'()\\h!(ﬂj W Y= +\ )\) = -

(Conk. o sevedtln papes)



Name: V 'Q,\\
)

(b) [5 pts] Consider the partially filled out character table for the Ds; symmetry point group, shown below.
Fill in the Mullikan symbols for each irreducible representation (I',-Ts). Justify your answers below.

D Dw |E |2G 3G, i 2 Sq 304

L | A, o 1 1 1 L 1 L x2 +y?, 22

r, | A o | 1 -1 1 ! -1 R,

L, | £ o |2 -1 0 2 -1 0 (RyRy) | (2 -y, xy)
(xz,yz)

. |A.w 1 1 -1 -1 -1

s | A |1 1 -1 -1 -1 l Z (xz,yz)

Te | £ o |2 -1 0 -2 I 0 (x,y)

- Uodexs € cluenn, e Aioensions ok Haie  mokelees

e

Cart %\wtﬁ‘ (‘5 wos M Goe oo - diaenSionel  and

(e

eceive e syasol "E"

rT\ ! r(‘[.- > r_l"'\
V"&C,f_‘\\)t '\lﬂ\\‘ OC ; %\\ b\[ M\,_‘}_;@L& . T\J\—Q ? P‘ S Q . :f\ 'k\/\—&
Doy peitk growp s the  Cy - ovis, AL Coue

hewe U under tle (o clumn, Heere Core  c)

Cand) e are e - dicnstonal  anc il

AN

ace A

Vos 7 eaost be debesailned Lo e one - o menstone

g, Thls s dekesmined by « C, A Coy Mand Ty

(R AR \
ore skt wek Coqand fuerelore ok | sukb%cr“\p%.

]

My e r\s are Lk &[MM/UTPCL w.e b Co eetnel ark 2

o \
S oy v w s dekeraaned by symmet ey Wk L oesvkien.

. \ TR LN
) ‘ Tecelve Moo bave
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negcn{—\\u& vedues ahd  recetut Lo .
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Name:

ADDITIONAL BLANK PAPER FOR WORK - Do not turn in final answers on this sheet.

Cne pe%‘c\bﬂ(‘rﬂ 'S do meve  Hue Voseder ALy te 1 J"u_L
wod puk o O helew BCa This weud w‘r:%Q\) %{Vw@% =
ge\erockere  of Ag_\ Moo smme

erwe o0 @rkhcge(\u\\"tc\) ..-%&‘e;u.\é e encountes edh,

e ooy oteer \Pog:_,;\«;.{\f‘eg 'S
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c \Z \ o 7 \ o) L30T = 1L WV

=

ek Upen  ins peck ton o Nk

Clecle Drkkﬂ@%@(\ﬁ\‘\‘k\) w s H\ J—\: ’ _
A o 0= (WY « DO + BIOIOE DS + B + BULed

8= 7T + 2 x O «1 +rL v ©

‘ = on s e mess ki e
N\U\(\kPu\ céce. 5{@6{\5 - pote et = CM’\C,\ Vo NS E@U

O=7+-1L+0 t1x-L 40 V
Do | £ 1Cx 30 ow 293 B
cp s fwr B | L -l o 7 -\ O

Ner QC\) ook Alde rep & Qf{%@f\&k Vi A Yue glieer WD
reys \‘sﬁ\ then repek the process wila B

A

e © b(w%B



Name: K_J e\

(4) 110 pts] Consider the C,y, symmetry point group.

(a) |2 pts] Draw a molecule that exhibits C,, symmetry.

0\\ =

ocC ., N o ‘
'{\[\ﬁ\b F rer %(__ \‘\F
o('d o ¥ F

e ci (o), ] Be T ehe.

(b) |8 pts] Ildentify all the symmetry elements and symmetry operations of the molecule (it may help to
draw them on the molecule).

5 \

E C C C'l SRV Sy J‘c\ 5,;\\
ZCL‘ Z By L o4
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Name: \4 '&C\
y

(5) 110 pts] The following questions pertain to the D44 point group (character table included).
(a) |2 pts| Find the direct product E5*A,.
£, Z © -2 o © o ©

A'Z_ | L i | \ P -

(b) [2 pts] Find the direct product E|*E;.

€. 727 o -2 -2 o o

63 Z.'Jﬂl O FZ_\ "‘2— o

————

o
E\’E5 W o-2 o - | (PN

(c) |6 pts| Reduce your answer in (b) to a sum of irreducible representations.

= {OOEY « DEDED o+ BIDED - B D« o o] =
B, —C:me DD+ 0+ @END HDE + o v 6] -
o _‘L;i@m@ « (DDEDE 0+ (D Lo\L—l}HB(—bL\B £ O +o‘l -
o

Al cMeee reps, el O,

E'E3:%\+%11‘El

\



Name: IKI el .
J:

(6) 110 pts; 2 pts ea| Assign point groups to the following molecules:

(a) NH3 \ 7
= By

CI\_ Ol

Cl\l | | l\\\C|

H WoH
P
H ‘
(©) H
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Name:

Selected Character Tables

C2h E Cz i Oh

Ay 1 i 1 1 R x2, yz, 22, Xy

Bg 1 -1 1 -1 R, y XZ,YZ

Ay | 1 I -1 = z

B, 1 -1 -1 | X,y

D, | E Cy(2) Cy) Co(x)

A 1 1 1 1 xZ, y2, 22

B, 1 1 Sl -1 z,R, Xy

B, 1 -1 1 -1 y,R XZ

B, 1 -1 -1 1 x, Ry yz

Doh E Co(z)  Coly) Cox) i c(xy) o(xz) o(yz)

Ag 1 1 1 1 1 1 1 1 x2,y%, 722
Big | | 1 -1 = I 1 = -1 Xy
Byp 1 -1 1 -1 1 -1 1 -1 Xz
Bs, 1 -1 -1 1 l -1 -1 1 yz
A, I 1 1 L -l -1 -1 -1

By, | |1 1 -1 -1 -l -1 i I

By, | | S| 1 ] 1 -1 I

By, | ! -1 -1 [ -1 I I -1
Dy | E 2S5 2C4 2S¢ G, 4G’ 4oy

A |1 T 1 1 1 1 x2+y2, 72

Ay, | 11 1 1 { -1 -1 R,

B, | I -1 1 5| I I -1

B, | 1 -1 1 -1 1 -1 1 z

E, | 2 2 0 V2 %) 0 0 (X,y)

EE|] 2 0 2 0 2 0 0 (x2-y?,

Xy)
E. | 2 2 o0 V2 2 0 0 (RR)) | (xz,yz)
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