Chemistry 416 “ Spectroscopy”

Winter Semester 1996
Dr. Rainer Glaser

Second 1-Hour Examination
“IR/Raman Spectroscopy”

Wednesday, March 6, 1996, 8:40 - 9:30
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Vibrational Properties of Crotonaldehyde.

Feel free to use any book and even your notes during thistest. In addition, this test comes with
the following pieces of supplemental material.

(1) The IR and Raman spectra of crotonaldehyde are taken from the book Modern

Spectroscopy, 2nd edition, by J. Michael Hollas (published by John Wiley and Sons, 1992, see
pages 150ff). Referencesto the original literature can be found there.

(2) The frequencies and descriptions of the normal modes are listed in Table 6.4 which has

been reproduced from Hollas' book.

(3) Also attached are the outputs of two ab initio calculations of two different conformations
of crotonaldehyde.

Question 1. Composition of the IR Spectrum. (10 points)

Asyou can see from the figure legend, the IR vibrational spectrum shown in Figure 6.15
isacomposite of three spectra. Explain why one might want to record some parts “(a)” of the
spectrum in 10% CCl 4 while another section “(b)” is recorded in 1% CCl, solution. Then

explain why section “(c)” was recorded using a thin film.

Why 10% or 1% CCl 4 solution? (5 points)

Why athin film? (5 points)
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Question 2. Sample Preparation. (10 points)
Describe (use schematic drawings as necessary, specify window materials and so on)
how the samples have to be prepared for the recording of ...

... the solution IR spectra (3 points):

... the thin film IR spectrum (3 points):

... the Raman spectrum of the neat liquid (4 points):
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Question 3. Characteristic Bands. (18 points)

(a) Using the spectra and the table provided, identify the bands associated with the C=0
stretching and with the C=C stretching vibrations. (Just find the numbers and write them down
in the spaces below.)

IR RAMAN

C=0 stretch

C=C stretch

(b) Note that the IR and Raman frequencies for the CO stretch differ. How come? (4 points)

(c) Suppose you would want to make sure that the band assigned to the CO stretching vibration
iscorrect. How could you ascertain the assignment using a heavier isotope of oxygen? Specify
what isotope you would use and what consegquences that would have on the spectrum. State
effects on force constant k and reduced mass m provide equation for n = f(k, m). (10 points)
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Question 4. Prediction of the Spectrum of Crotonaldehyde. (12 points)
Using the book by Pretsch et al. or any other similar book,
predict the frequencies for the two most characteristic stretching

vibrations, the CO stretch and the CC stretch. Also provide H O
estimates for the CO in CH3CHO and the C=C in 2-butene. 42/_(
Me H

Provide the predicetd value and write down precisely where you
found it (book and page number).

H

CO in acetaldehyde: C=Cin 2-Butene (-HC=CH-):

Predict C=0 in CA: Predict C=C in CA:

Question 5. The strong bandsin the 2950-2700 cm* region. (10 points).
Explain the term “Fermi doublet”. Fermi doublets are quite frequent in aldehydes.
Explain what modes interact in the case of aldehydes to produce the Fermi doublet.
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Question 6. Norma Modes. (40 points)
(@) Draw the moleculesin printouts#1 and #2 in their standard orientations. (10 easy points)

A
y

PRINTOUT #1

PRINTOUT # 2
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(b) In printout #1, find the normal mode that corresponds to the CO stretch and draw the
“displacement vector”, that is, the collection of arrows that indicate the atomic motions. (10 p.)

A
y

n(CO)

(c) Thefreguency calculated for the CO stretching mode is cml At thisleve of
theory, the vibrational frequencies usually are overestimated rather consistently by about 10
percent. Taking thisinto account, theory would predict a frequency of cm-1for this
mode which is still some cm1too high. The case of this CO stretch is extreme and
theory is able to predict frequencies generally much better. The great deviation for CO stretch is
due to the high polarity of the CO bond. To get bonds like that right one needs to use higher
level theory that account for €lectron correlation. (6 points).

(d) The CO stretch is by far the strongest band in the IR spectrum (whileit is not the strongest
band in the Raman spectrum). Briefly explain why the IR intensity of n(CO) isso high. (4 p.)
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(e) In printout #2, the lowest vibrational frequency isin fact negative! Thisisaso-called
“imaginary” vibration. Whenever one imaginary mode occurs, then the structure is atransition
state and the displacement vector associated with that imaginary vibration tells you what isin
transition. Draw the “ displacement vector” of the imaginary mode of printout #2 and state what
transition state we are looking at. (10 points)

n=-203 cm*

Considering the imaginary normal mode, the structure computed in #2 is the transitioon state
structure for .....

The End of another
Exciting Learning Experience.
elax.
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Supplemental Material
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Figure 6.15 The infrared vibrational spectrum of crotonaldehyde. The parts marked (a), (b),
and (c) refer to a 10 per cent (by volume) solution in CCl,, a 1 per cent solution in CCl,, and a
thin liquid film respectively. (Reproduced, with permission, from Bowles, A. J., George, W. O., and

Maddams, W. F., J. Chem. Soc. (B), 810, 1969.)
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Figure 6.17 The laser Raman vibrational spectrum of liquid crotonaldehyde. (Reproduced, with
permission, from Durig, J. R., Brown, S. C,, Kalasinsky, V. F., and George, W. O., Spectrochim.

Acta, 32A, 807, 1976. Copyright (1976) Pergamon Press.)
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Tabl e 6.4 Fundanent al

fromthe infra-red and Raman spectra.

vi brati on wavenunbers of crotonal dehyde obtai ned

Vib. Approxi nate description IR RANVAN
exp. exp.
in plane
1 CH antisym stretch on C=C 3042 3032
2 CH symmetric stretch on C=C 3002 3006
3 CH, antisymetric stretch 2944 2949
4 CHg symmetric stretch 2916 2918
5 CH stretch on CHO 2727 2732
6 C=0 stretch 1693 1682
7 C=C stretch 1641 1641
8 CHg antisym deformation 1444 1445
9 CH rock (in-pl. bend) on CHO 1389 1393
10 CH, sym defornmation 1375 t 380
11 CH sym deform on C=C 1305 1306
12 CH antisym def. on C=C 1253 1252
13 CHgin-plane rock 1075 1080
14 C-CHO stretch 1042 1046
15 G CHg stretch 931 931
16  CHg-C=C bend 542 545
17 C=C- C bend 459 464
18 C- C=0 bend 216 230
out-of-plane
19 CH, antisym stretch 2982 2976
20 CH, antisym deformation 1444 1445
21 CHg rock 1146 1149
22 CH anti sym deformation on C=C 966
23 CH sym deformation on C=C 780
24 CH wag (0-o0-p bend) on CHO 727
25  CHg bend 297 300
26 CHg torsion 173
27 CHO torsion 121
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PRINTOUT #1

khkhkkkhhkhkhkdhhkhkdhhkhkhdhkhkdhkdrhdhrhkdhrhdrhkdhrrhdrhkdhrxhdxhkddxd*x

Gaussian 92: | BM RS6000- 92/ DFT- RevG 4 7- Sep- 1994

4- Mar - 1996

khkhkkkhhkhkhkdhhkhkdhhkhkhdhkhkdhkdrhdhrhkdhrhdrhkdhrrhdrhkdhrxhdxhkddxd*x

%chk=cr ot on2
Default route: MaxDi sk=240000000 SCF=Dir ect

1/ 10=4, 29=10002, 30=1/1, 3;
2/12=2,17=6, 18=5/ 2;

3/5=1, 6=6, 7=1, 11=1, 25=1, 30=1/1, 2, 3;
4/5=1, 7=1/ 1;

5/ 5=2/ 2;

8/ 6=4, 11=11, 27=240000000/ 1;

10/ 13=10/ 2;

11/ 6=2, 8=1, 9=11, 15=111, 16=11/1, 2, 10;
10/ 6=1, 9=1/ 2;

7/8=1, 10=1, 25=1/1, 2, 3, 16;

1/ 10=4, 30=1/ 3;

6/ 7=2, 8=2, 9=2, 10=2, 18=1, 28=1/1;
99//99;

Crot onal dehyde, eclipsed, Cs, rhf/6-31G -- Frequencies

Z-Matrix taken fromthe checkpoint file:
croton2. chk
Charge = 0 Multiplicity =1

o0

ol iyl e e BE S el el o

o]

cl, 2, hco

cl, 2,cco, 3,180.,0

ca, 1, hcca, 2,0.,0

c2,1,cccl, 2,180.,0

c3,4,hcch,1,0.,0

c3,4,ccc2,1,180.,0

cip, 7, hcipang,4,0.,0

, hcoop, 7, hcoopang, 4,di, 0

, hcoop, 7, hcoopang, 4, -di, 0
Vari abl es:

co=1.19092879

hc1=1. 09552275

ccl=1.47377814

hca=1. 07629926

cc2=1. 32404928

hc3=1. 07987394

cc3=1. 49844724

hci p=1. 08315813

hcoop=1. 08645033

hco=120. 62132958

cco=124.1074518

hcca=116. 47237407

cccl=121. 23244057

c
h
c
h
c
h
c
h

ITTOITOITOI
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hccb=118. 50084663
ccc2=125. 63319984
hci pang=137. 8909386
hcoopang=95. 83313148
di =126. 07132418
G adG adG adG adG adG adG adG adG adG adG adGr adG adGr adGr adGr adGr adGr ad
Berny optim zation
Initialization pass.
! Initial Paraneters !
I (Angstrons and Degrees) !

! Nane Val ue Derivative information (Atomc Units) !
! co 1.1909 cal cul ate D2E/DX2 anal ytically !
! hcl 1. 0955 cal cul ate D2E/ DX2 anal ytically !
! ccl 1.4738 cal cul ate D2E/ DX2 anal ytically !
! hca 1. 0763 cal cul ate D2E/ DX2 anal ytically !
! cc2 1.324 cal cul ate D2E/ DX2 anal ytically !
! hc3 1. 0799 cal cul ate D2E/ DX2 anal ytically !
! cc3 1.4984 cal cul ate D2E/ DX2 anal ytically !
! hci p 1. 0832 cal cul ate D2E/ DX2 anal ytically !
! hcoop 1. 0865 cal cul ate D2E/ DX2 anal ytically !
! hco 120. 6213 cal cul ate D2E/ DX2 anal ytically !
! cco 124. 1075 cal cul ate D2E/ DX2 anal ytically !
! hcca 116. 4724 cal cul ate D2E/ DX2 anal ytically !
! cccl 121. 2324 cal cul ate D2E/ DX2 anal ytically !
! hccb 118. 5008 cal cul ate D2E/ DX2 anal ytically !
! ccc2 125. 6332 cal cul ate D2E/ DX2 anal ytically !
! hci pang 137. 8909 cal cul ate D2E/ DX2 anal ytically !
! hcoopang 95. 8331 cal cul ate D2E/ DX2 anal ytically !
! di 126. 0713 cal cul ate D2E/ DX2 anal ytically !

Trust Radi us=3.00D-01 FncErr=1. 00D 07 G dErr=1. 00D 07
Nunber of steps in this run= 28 maxi mum al |l owed number of steps= 100.
G adG adG adG adG adG adG adG adG adG adG adG adG adGr adG adG adG adG- ad

Z- MATRI X ( ANGSTROVS AND DEGREES)

CD Cent Atom N1 Lengt h/ X N2 Al pha/ Y N3 Betal/ Z J
1 1 C
2 2 O 1 1.190929( 1)
3 3 H 1 1.095523( 2) 2 120.621( 11)
4 4 C 1 1.473778( 3) 2 124.107( 12) 3 180.000( 20) 0
5 5 H 4 1.076299( 4) 1 116.472( 13) 2 000( 21) 0
6 6 C 4  1.324049( 5) 1 121.232( 14) 2 180.000( 22) 0
7 7 H 6 1.079874( 6) 4 118.501( 15) 1 000( 23) 0
8 8 C 6 1.498447( 7) 4 125.633( 16) 1 180.000( 24) 0
9 9 H 8 1.083158( 8) 7 137.891( 17) 4 000( 25) 0
10 10 H 8 1.086450( 9) 7 95.833( 18) 4 126.071( 26) 0
11 11 H 8 1.086450( 10) 7 95.833( 19) 4 -126.071( 27) 0
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Coor di nates (Angstrons)

. 000000
. 000000
. 942755

. 220270
. 157770
. 153859
. 180204
. 326422
. 265781
. 299315
. 299315 -.

Y

. 000000

. 000000 1.
. 000000 -.
. 000000 -.
. 000000 -.
. 000000 -2.
. 000000 -2.
. 000000 -3.
. 000000 -2.
. 873614  -3.
873614  -3.

. 000000

190929
558017
826416
297727
148799
615836
081772
542480
727092
727092

matri x (angstrons):

Cent er At omi c
Nunber Nunber
1 6
2 8
3 1
4 6 -1
5 1 -2
6 6 -1
7 1 -
8 6 -2
9 1 -3
10 1 -2
11 1 -2
Di st ance
1 2
1 C . 000000
2 0 1.190929 . 000000
3 H 1. 095523 1. 986857
4 C 1.473778 2.357698
5 H 2.178214 2.621463
6 C 2.439001 3. 533436
7 H 2.622036 3.811028
8 C 3.861290 4.864999
9 H 4.138784 4.960208
10 H 4. 465565 5.498817
11 H 4. 465565 5.498817
6 7
6 C . 000000
7 H 1. 079874 . 000000
8 C 1. 498447 2.196213
9 H 2.148302 3. 086449
10 H 2.136886 2.547298
11 H 2.136886 2.547298
11
11 H . 000000

3

. 000000
. 179613
. 111432
. 631801
. 344281
. 129995
. 652942
. 617061
. 617061
8

A BB DBDNDNDNODN

. 000000
1.083158
. 086450
1. 086450

[N

4

. 000000
. 076299
. 324049
. 069725
. 512012
. 670017
. 215815
. 215815
9

WWMNDNNPRE P

. 000000
. 760842
1.760842

[N

Interaton c angl es:

- Cl1- H3=120. 6213
Cl- C4- H5=116. 4724

C4- C6- H7=118. 5008

06- C8- H9=111. 6314

06- C8- H11=110. 5056

STO CHI OVETRY  C4H60
FRAVEWORK GROUP  CS[ SG( C4HA0) , X(H2) ]

DEG OF FREEDOM 18
FULL PO NT GROUP

LARGEST ABELI AN SUBGROUP
LARGEST CONClI SE ABELI AN SUBGROUP CS
St andard orientation

Cent er At omi c
Nurber Nurber

Q2- C1- C4=124. 1075
Cl- C4- C6=121. 2324
C4- C6- C8=125. 6332
C6- C8- H10=110. 5056
H9- C8- H11=108. 5039

Cs
Cs

NOP
NOP
NOP

NDNDN

. 000000
. 105779
. 047031
. 789149
. 503319
. 541721
. 541721
10

WWNDNWN

. 000000
1.747228

- C4-
- C6-
Ho
H1

C8

H3
H5
H7
0-C8
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1 6 -1.446779 . 050162 . 000000

2 8 -2.290236 . 890931 . 000000

3 1 -1.717135  -1.011477 . 000000

4 6 . 000000 . 330968 . 000000

5 1 . 287418 1.368181 . 000000

6 6 . 889673 -. 649639 . 000000

7 1 . 533066 -1.668932 . 000000

8 6 2.378240 -. 477847 . 000000

9 1 2. 659460 . 568168 . 000000

10 1 2.816141 -. 952626 . 873614

11 1 2.816141 -. 952626 -.873614
Rot ati onal constants (GHZ): 33. 4328901 2. 2005535 2. 0909396
| sotopes: CG12,016,H1,CG12,H1,CG12,H1,C12,H1, H 1, H1
Standard basis: 6-31G D) (S, S=P, 6D, 7F)
There are 65 symmetry adapted basis functions of A symetry.
There are 22 symmetry adapted basis functions of A" symetry.

Crude estimate of integral set expansion fromredundant integral s=1.829.

Integral buffers will be 262144 words | ong.
Raf fenetti 1 integral format.
Two-el ectron integral symetry is turned on

87 basis functions 164 primtive gaussians
19 al pha el ectrons 19 beta el ectrons
nucl ear repul sion energy 154. 1238778911 Hartrees.

One-el ectron integrals conputed using PRI SM

One-el ectron integral symetry used in STVInt

The smal | est eigenval ue of the overlap matrix is 3.011D 03
D pDrv: MaxL=4.

DipDrv: wll hold 34 matrices at once.

Initial guess read fromthe checkpoint file:

croton2. chk

Guess basis functions will be translated to current atoni c coordi nates.

I NI TI AL GUESS ORBI TAL SYMVETRI ES.

OCCUPIED (A7) (A) (A) (A) (A) (A) (A) (A) (A) (A)
(A) (A) (A) (A) (A) (A) (A) (A) (A)

VIRTUAL ~ (A") (A) (A) (A") (A) (A") (A) (A) (A) (A)
(A) (A) (A) (A) (A) (A) (A) (A) (A) (A)
(A) (A) (A) (A) (A) (A) (A) (A) (A) (A)
(A) (A) (A) (A) (A) (A) (A) (A) (A) (A)
(A) (A) (A) (A) (A) (A) (A) (A) (A) (A)
(A) (A (A) (A) (A) (A) (A) (A) (A) (A)
(A) (A) (A) (A) (A) (A) (A) (A)

Al pha deviation fromunit magnitude is 1.62D 14 for orbital 57.
Al pha deviation fromorthogonality is 1.24D 14 for orbitals 57 31

Request ed convergence on RVS density matrix=1.00D-08 within 64 cycles.

Request ed convergence on MAX density matrix=1. 00D 06

SCF Done: FE(RHF) = -229.803973415 A U after 1 cycles
Convg = . 7046D- 09 -VIT = 2.0013
S**2 = . 0000
Range of M O's used for correlation: 1 87
Ful | nass-wei ghted force constant matri Xx:
Low frequencies --- -3.6777 -. 7525 -. 0029 -. 0019 . 0020
Low frequencies --- 136.4098 209.6515 226.0603

Har moni ¢ frequencies (cnf*-1), IR intensities (KM Ml e),

8. 0290
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Raman scattering activities (A**4/ AMJ), Raman depol ari zation rati os,
reduced masses (AMJ), force constants (nDyne/A) and nornal coordi nates:

***xx*x edited for brevity **x**xx*
Har moni ¢ frequencies (cnf*-1), IR intensities (KM Ml e),

Raman scattering activities (A**4/ AMJ), Raman depol ari zation rati os,
reduced masses (AMJ), force constants (nDyne/A) and nornal coordi nates:

1 2 3
A" A" A
Frequenci es -- 136. 4097 209. 6514 226. 0602
Red. nasses -- 2.5634 1.3433 3.5167
Frc consts -- . 0281 . 0348 . 1059
IR Inten - - 3.8229 . 3383 9.0271
Raman Activ -- . 0790 2.6359 . 0296
Depol ar -- . 7500 . 7500 . 1734
At om AN X Y Z X Y Z X Y Z
1 6 .00 .00 .12 .00 .00 .01 -.09 -.05 .00
2 8 .00 .00 -.21 .00 .00 -.05 .13 .18 .00
3 1 .00 .00 .30 .00 .00 -.10 -.34 .02 .00
4 6 .00 .00 .22 .00 .00 .15 -.06 -.26 .00
5 1 .00 .00 .29 .00 .00 .33 -.05 -.26 .00
6 6 .00 .00 . 06 .00 .00 -.05 .02 -.18 .00
7 1 .00 .00 -.03 .00 .00 -.22 . 20 -.25 .00
8 6 .00 .00 -.13 .00 .00 -.04 -.02 .21 .00
9 1 .00 .00 . 24 .00 .00 -.54 -.35 .30 .00
10 1 .17 -.36 -.41 -.07 .44 . 24 .13 . 36 .00
11 1 -.17 . 36 -.41 . 07 -.44 . 24 .13 . 36 .00
4 5 6
A" A A
Frequenci es -- 307. 6051 491. 8278 583. 7872
Red. nasses -- 2.1876 3. 4959 4. 2020
Frc consts -- . 1220 . 4982 . 8437
IR Inten - - 9. 9595 2.2072 14. 7101
Raman Activ -- . 6841 5.1081 2.5264
Depol ar -- . 7500 . 2284 . 3815
At om AN X Y Z X Y Z X Y Z
1 6 .00 .00 -.19 .22 .02 .00 .00 -.26 .00
2 8 .00 .00 .05 .12 -.09 .00 .31 .03 .00
3 1 .00 .00 -.68 .37 -.01 .00 -.18 -.21 .00
4 6 .00 .00 . 07 .10 .09 .00 -.18 .04 .00
5 1 .00 .00 -.01 . 28 .03 .00 -.60 .15 .00
6 6 .00 .00 . 23 -.17 -.11 .00 -.05 . 23 .00
7 1 .00 .00 . 36 -.29 -.06 .00 -.06 . 23 .00
8 6 .00 .00 -.10 -.28 .08 .00 -.08 -.02 .00
9 1 .00 .00 -.25 -.57 .15 .00 . 23 -.11 .00
10 1 .27 .04 -.21 -.15 .21 .00 -.23 -.17 -.01
11 1 -. 27 -.04 -.21 -.15 .21 .00 -.23 -.17 .01
7 8 9
A" A A"
Frequenci es -- 869. 4566 1016. 8431 1111. 4624
Red. nasses -- 1.2992 1.5681 1.1217
Frc consts -- . 5787 . 9553 . 8164
IR Inten - - . 2993 15. 6044 43. 8827
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Raman Activ -- 9.4192
Depol ar -- . 7500
At om AN X Y
1 6 .00 .00
2 8 .00 .00
3 1 .00 .00
4 6 .00 .00
5 1 .00 .00
6 6 .00 .00
7 1 .00 .00
8 6 .00 .00
9 1 .00 .00
10 1 -.32 -.04
11 1 .32 .04
10
A
Frequencies -- 1142.2336
Red. nasses -- 1.6975
Frc consts -- 1. 3049
IR Inten - - 1.4072
Raman Activ -- 9.4777
Depol ar -- . 7500
At om AN X Y
1 6 .00 .00
2 8 .00 .00
3 1 .00 .00
4 6 .00 .00
5 1 .00 .00
6 6 .00 .00
7 1 .00 .00
8 6 .00 .00
9 1 .00 .00
10 1 -.21 -.01
11 1 .21 .01
13
A
Frequencies -- 1264.3070
Red. nasses -- 2.0745
Frc consts -- 1. 9537
IR Inten - - 62. 7327
Raman Activ -- 21. 2858
Depol ar -- . 6369
At om AN X Y
1 6 .14 .14
2 8 -.03 -.02
3 1 . 25 .12
4 6 -.13 -.11
5 1 -.71 .05
6 6 .11 . 06
7 1 .18 .04
8 6 -.04 -.10
9 1 -.49 .02
10 1 . 07 .12
11 1 . 07 .12
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.02

.12
-.55
-.09

.54

.18
.10
.10

. 05
.90
. 08
. 04
.01
17

.10
. 06
. 06

.00
.00
.00
.00
.00
.00
.00
.00
.00
. 06
-.06

1. 0896
L1721
X Y
.03 .04
-.02 .00
.04 .04
.02 -.09
.18 -.14
.10 .04
.47 -.09
-.14 .08
.40  -.07
-.42 -.26
-.42 -.26
11
A
1164. 9738
3. 2553
2.6030
30. 6241
4.1846
. 3428
X Y
.16 .12
.03  -.04
.40 .07
-.23  -.05
-.04  -.12
-.24  -.09
-.02  -.17
.18 J11
.73 -.03
.02 -.15
.02 -.15
14
A
1401. 4381
1. 3656
1. 5803
. 3697
. 9333
. 3286
X Y
-.02 -.01
.02 .00
.24  -.07
-.12 -.01
77 - 27
-.02 J11
.35  -.02
.01 -.08
-.23  -.01
J11 .14
J11 .14
Dr. Glaser

.00
.00
.00
.00
.00
.00
.00
.00
.00
. 04
. 04

.00
.00
.00
.00
.00
.00
.00
.00
.00
. 06
. 06

.00
.00
.00
.00
.00
.00
.00
.00
.00
. 06
. 06

.00
.00
.00
.00
.00
.00
.00
.00
.00
.21
-.21

.00
.00
.00
.00
.00
.00
.00
.00
.00

.49

. 03
.00
.00
. 26
. 03

.01
.01

. 3929
. 7500
Y
.00
.00
.00
.00
.00
.00
.00
.00
.00
.02
-.02
12
A"
1193. 7239
1.5751
1.3224
2.7001
3.7028
. 7500
Y
.00
.00
.00
.00
.00
.00
.00
.00
.00
. 03
-.03
15
A
1449. 2135
1.3601
1.6830
4.5993
27.2284
. 3322
Y
. 03
-.02
.07
-.14
-.23
. 09
.39
.02
.02
-.01
-.01

. 03
.01
.09
. 08
.75
.00
. 57
. 05
. 08
. 05
. 05

.03
.01
.13
.04
.08
.17
.57
.14
.29
.14
.14

.00
.00
.00
.00
.00
.00
.00
.00
.00
.02
.02

Page — 16 —



Frequenci es
Red. nmasses
Frc consts
IR I nten
Raman Activ
Depol ar

At om AN

6

RPOOWOMNOUNWNERE
PRRORPROROR®©

[

Frequenci es
Red. masses
Frc consts
IR I nten
Raman Activ
Depol ar

At om AN

6

RPOOWOMNOUAWNERE
RPRRORPROROR®

[

Frequenci es
Red. masses
Frc consts
IR I nten
Raman Activ
Depol ar
At om AN

1 6

= O K 0

2
3
4
5

16

A
-- 1557.5544
-- 1.2106
-- 1.7304
-- 6. 8221
-- 5. 4861
-- . 7398
X Y z
-.06 -.05 .00
-.02 .07 .00
.81 -.29 .00
.01 .00 .00
-.07 .02 .00
. 03 -.03 .00
-.18 . 04 .00
. 06 . 03 .00
-.21 . 09 .00
-.24  -.12 .07
-.24  -.12 -.07
19
A
-- 1628.8252
-- 1. 0575
-- 1. 6530
-- 11. 9496
-- 31. 6933
-- . 6436
X Y z
.00 .01 .00
.01 -.01 .00
-.08 . 03 .00
-.03 .02 .00
. 09 -.01 .00
.01 .01 .00
.02 .00 .00
.01 . 05 .00
-.43 .15 .00
17 -.48 -.36
17 -.48 . 36
22
A
-- 3148.7327
-- 1.0863
-- 6. 3456
-- 96. 2498
-- 72.2726
-- . 3129
X Y z
.02 . 08 .00
.00 .00 .00
-.26 -.96 .00
.00 .00 .00
.00 .00 .00

17
A
1567. 5737
1. 2569
1.8197
. 1848
13. 3307
. 5744
X Y
-.02 -.02
-.01 . 03
.39 -.13
.01 -.03
-.06 -.01
. 03 .01
-.13 .07
-.13 .00
.42 -.14
A7 . 06
A7 . 06
20
A
1878. 7459
5. 4753
11. 3866
28. 1134
72.6150
. 2724
X Y
. 03 -.05
-.07 . 06
J11 -.08
.34  -.25
-.40 -.11
-. 37 .27
. 56 .00
.07 -.02
-.22 . 06
.12 -.07
.12 -.07
23
A
3201. 6705
1.0380
6.2688
24. 4022
182. 5467
. 0459
X Y
.00 .00
.00 .00
.00 .01
.00 .00
.00 .01
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.00
.00
.00
.00
.00
.00
.00
.00
.00
. 26
. 26

.00
.00
.00
.00
.00
.00
.00
.00
.00
. 05
. 05

.00
.00
.00
.00
.00

.00
.00
.00
.00
.00
.00
.00
.00
.00
.27
.27

. 53
.32
.44
J11
. 26
. 03
.07
.00
.02
.00
.00

.00
.00
.00
.00
.00

18
A"
1622. 8609
1.0451
1.6217
7.2942
17.0904
. 7500
Y
.00
.00
.00
.00
.00
.00
.00
.00
.00
-.41
.41
21

2006. 5909
9. 5583
22. 6751
416. 6209
113.8721
. 3607
Y
-.44
.32
-.15
.07
-.06
-.03
.00
.00
-.01
.01
.01
24

3252. 4057
1.1012

6. 8631
25. 4048
119. 8350
7500

.00
.00
.00
.00
.00

.00
.00
.00
.00
.01
.02
. 04
. 05
.72
. 05
. 05

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.00
.00
.00
.00
.00
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6 6 . 00 . 00 . 00 . 00 . 00
7 1 .02 .03 . 00 -.01 -.03
8 6 . 00 . 00 . 00 .05 -.01
9 1 .00 -.01 . 00 -.10 -.41
10 1 . 00 . 00 .01 -.25 . 28 -.
11 1 . 00 . 00 .01 -.25 . 28
25 26
A A
Frequencies -- 3289. 1477 3324. 1110
Red. nasses -- 1.1015 1. 0910
Frc consts -- 7.0212 7.1026
IR I nten -- 11. 5451 28. 6893
Raman Activ -- 81. 1477 51. 8943
Depol ar -- . 7320 . 2038
At om AN X Y Z X Y
1 6 . 00 . 00 . 00 . 00 . 00
2 8 . 00 . 00 . 00 . 00 . 00
3 1 .00 -.01 . 00 .01 .03
4 6 . 00 . 00 . 00 . 00 .01
5 1 -.01 -.02 . 00 -.01 -.02
6 6 .01 .02 . 00 -.02 -.08
7 1 -. 07 -.22 . 00 .32 .91
8 6 .00 -.09 . 00 .00 -.02
9 1 .22 . 86 . 00 . 05 .19
10 1 -. 11 11 . 23 -.04 .03 -.
11 1 -. 11 11 . 23 -.04 .03
- THERMOCHEM STRY -
TEMPERATURE  298. 150 KELVI N.
PRESSURE 1. 00000 ATM
ATOM 1 HAS ATOM C NUMBER 6 AND MASS 12.00000
ATOM 2 HAS ATOM C NUMBER 8 AND MASS 15.99491
ATOM 3 HAS ATOM C NUMBER 1 AND MASS 1.00783
ATOM 4 HAS ATOM C NUMBER 6 AND MASS 12.00000
ATOM 5 HAS ATOM C NUMBER 1 AND MASS 1.00783
ATOM 6 HAS ATOM C NUMBER 6 AND MASS 12.00000
ATOM 7 HAS ATOM C NUMBER 1 AND MASS 1.00783
ATOM 8 HAS ATOM C NUMBER 6 AND MASS 12.00000
ATOM 9 HAS ATOM C NUMBER 1 AND MASS 1.00783
ATOM 10 HAS ATOM C NUMBER 1 AND MASS 1.00783
ATOM 11 HAS ATOM C NUMBER 1 AND MASS 1.00783
Mol ecul ar nass: 70. 04186 anu.
Principle axes and nonments of inertia in atonic units:
2 3
El GENVALUES - - 53. 98101 820. 13056 863. 12449
X -.96187 . 27350 . 00000
Y . 27350 . 96187 . 00000
Z . 00000 . 00000 1. 00000
THI'S MOLECULE IS AN ASYMVETRI C TOP
ROTATI ONAL SYMVETRY NUMBER 1.
ROTATI ONAL TEMPERATURES ( KELVI N) 1. 60452
ROTATI ONAL CONSTANTS ( GHz) 33. 43289

ZERO- PO NT VI BRATI ONAL ENERGY
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.00
.00
.00
.00

52

.52

.00
.00
.00
.00
.00
.00
.00
.00
.00

07

.07

. 10561
2. 20055
253719.5 (JOULES/ MOL)

.00
.00
.00
.00
.29
.29

.00
.00
.00
.02
.27
.01
.01
.00
.01
.00
.00

.00
.00
.00
.00
-.32
.32
27
A

3371. 3767
1.0933
7.3217
6. 4867

59. 8360
. 2927

Y
.00
.00
.00
. 09
-.96
.00
-.02
.00
-.03
.00
.00

. 10035
2. 09094

.00
.00
.09
.02
. 56
. 56

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
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WARNI NG- - EXPLI CI T CONSI DERATI ON OF

VI BRATI ONAL TEMPERATURES: 196.
(KELVI N) 839.

1676.

2240.

2887.

4782.

SUM OF THERVAL ENERG ES:

60. 64043 ( KCAL/ MOL)
. 0966367 ( HARTREE/ PARTI CLE)
6 DEGREES OF
VI BRATI ONS MAY CAUSE S| GNI FI CANT ERROR

26
93
13
96
02
63

301.
1250.
1717.
2255,
4530.
4850.
. 1022312 ( HARTREE/ PARTI CLE)

SUM OF HARTREE- FOCK AND THERVAL ENERG ES:

LEARN FROM YESTERDAY,
LI VE FOR TCDAY,

LOCK TO TOVORROW
REST THI S AFTERNOON.

- - SNOOPY

Job cpu tinme: O days O hours 29 minutes 46.4 seconds.

newt on. ncs. m ssouri . edu
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64
95
49
38
30
63

325.
1463.
1819.
2334.
4606.

FREEDOM AS

25
00
05
92
46

442.57
1599. 14
2016. 35
2343.50
4679. 46

707. 63
1643. 41
2085. 08
2703. 08
4732. 32

-229. 7017422 ( HARTREE/ PARTI CLE)
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PRINTOUT #2

khkhkkkhhkhkhkdhhkhkdhhkhkhdhkhkdhkdrhdhrhkdhrhdrhkdhrrhdrhkdhrxhdxhkddxd*x

Gaussian 92: | BM RS6000- 92/ DFT- RevG 4 7- Sep- 1994

4- Mar - 1996

khkhkkkhhkhkhkdhhkhkdhhkhkhdhkhkdhkdrhdhrhkdhrhdrhkdhrrhdrhkdhrxhdxhkddxd*x

%chk=cr ot on
Default route: MaxDi sk=240000000 SCF=Dir ect

1/ 10=4, 29=10002, 30=1/1, 3;
2/12=2,17=6, 18=5/ 2;

3/5=1, 6=6, 7=1, 11=1, 25=1, 30=1/1, 2, 3;
4/5=1, 7=1/ 1;

5/ 5=2/ 2;

8/ 6=4, 11=11, 27=240000000/ 1;

10/ 13=10/ 2;

11/ 6=2, 8=1, 9=11, 15=111, 16=11/1, 2, 10;
10/ 6=1, 9=1/ 2;

7/8=1, 10=1, 25=1/1, 2, 3, 16;

1/ 10=4, 30=1/ 3;

6/ 7=2, 8=2, 9=2, 10=2, 18=1, 28=1/1;
99//99;

Crot onal dehyde, staggered, Cs, rhf/6-31G --

Z-Matrix taken fromthe checkpoint file:
croton. chk
Charge = 0 Multiplicity =1

o0

ol iyl e e BE S el el o

co
hcl, 2, hco

ccl, 2,cco, 3,180.,0
hca, 1, hcca, 2,0.,0
c
h
c
h

c2,1,cccl, 2,180.,0

c3,4,hcch,1,0.,0

c3,4,ccc2,1,180.,0

cip, 7, hci pang, 4, 180., 0

, hcoop, 7, hcoopang, 4,di, 0

, hcoop, 7, hcoopang, 4, -di, 0
Vari abl es:

co=1. 19099929

hc1=1. 09554762

ccl=1. 4732206

hca=1. 07684599

cc2=1. 32424575

hc3=1. 0789592

cc3=1. 5067668

hci p=1. 0828162

hcoop=1. 0851074

hco=120. 62780174

cco=124.17487621

ITTOITOITOI
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hcca=116. 44246849
cccl=121. 11785558
hccb=118. 17108349
ccc2=125. 10767665
hci pang=85. 5694421

hcoopang=121. 71564967

di =71. 5699351

G adG adGradG adG adGr adG adGr adG adG adG adG adG adG adG adGr adG adGr ad
Berny optim zation
Initialization pass.

Paraneters

! Initial
I (Angstrons and Degrees)

anal yti
anal yti
anal yti
anal yti
anal yti
anal yti
anal yti
anal yti
anal yti
anal yti
anal yti
anal yti
anal yti
anal yti
anal yti
anal yti
anal yti
anal yti

Trust Radi us=3. 00D-01

ccc2
hci pang
hcoopang
d

1 1 C
2 2 O
3 3 H
4 4 C
5 5 H
6 6 C
7 7 H
8 8 C
9 9 H
10 10 H
11 11 H

[N

120.
124.
116.
121.
118.
125.

85.
121.

71.

PR RPRRPRRPRRPPRR

FncErr=1.00D-07 G dErr=1.
Nunber of steps in this run=

calcul ate
calcul ate
calcul ate
calcul ate
calcul ate
calcul ate
calcul ate
calcul ate
calcul ate
calcul ate
calcul ate
calcul ate
calcul ate
calcul ate
calcul ate
calcul ate
calcul ate
calcul ate

Lengt h/ X
.190999( 1)
. 095548( 2)
.473221( 3)
.076846( 4)
. 324246( 5)
.078959( 6)
.506767( 7)
.082816( 8)
.085107( 9)
. 085107( 10)

N2

D2E/ DX2
D2E/ DX2
D2E/ DX2
D2E/ DX2
D2E/ DX2
D2E/ DX2
D2E/ DX2
D2E/ DX2
D2E/ DX2
D2E/ DX2
D2E/ DX2
D2E/ DX2
D2E/ DX2
D2E/ DX2
D2E/ DX2
D2E/ DX2
D2E/ DX2
D2E/ DX2

00D 07
28 maxi num al | oned nunber of steps= 100.

G adG adG adG adG adG adG adG adG adG adG adG adG adGr adG adG adG adG- ad
Z- MATRI X ( ANGSTROVS AND DEGREES)
Al pha/ Y

N3

Betal/ Z J
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i entation:

000000
000000

. 942713

. 218835
. 157158
. 148213
. 171254
. 332890
. 020345
. 952540
. 952540 -.

Y

. 000000

. 000000 1.
. 000000 -.
. 000000 -.
. 000000 -.
. 000000 -2.
. 000000 -2.
. 000000 -3.
. 000000 -4.
. 875722 - 2.
875722 - 2.

. 000000

190999
558137
827538
299195
149900
607833
080967
117696
917862
917862

matri x (angstrons):

Z-Matrix or
Cent er At omi c
Nunber Nunber
1 6 .
2 8 .
3 1
4 6 -1
5 1 -2
6 6 -1
7 1 -
8 6 -2
9 1 -2
10 1 -2
11 1 -2
Di st ance
1 2
1 C . 000000
2 0 1. 190999 . 000000
3 H 1. 095548 1.987004
4 C 1.473221 2.357977
5 H 2.177808 2.621833
6 C 2.437306 3.532704
7 H 2.613450 3. 802691
8 C 3. 864549 4.867451
9 H 4.586634 5.680144
10 H 4.242440 5. 134893
11 H 4.242440 5. 134893
6 7
6 C . 000000
7 H 1. 078959 . 000000
8 C 1.506767 2.212810
9 H 2. 152402 2.387221
10 H 2. 147615 2.932330
11 H 2. 147615 2.932330
11
11 H . 000000

3

. 000000
. 178272
. 110668
. 627867
. 332848
. 134520
. 631433
. 637692
. 637692
8

A BB DBDNDNDNDNODN

. 000000
1.082816
. 085107
1. 085107

[N

4

. 000000
. 076846
. 324246
. 065642
. 513774
. 386378
. 853432
. 853432
9

NNWDNDNREF P

. 000000
1. 753704
1. 753704

Interaton c angl es:

- Cl1- H3=120. 6278
Cl- C4- H5=116. 4425

C4- C6- H7=118. 1711

06- C8- H9=111. 3881

06- C8- H11=110. 8608

STO CHI OVETRY  C4H60
FRAVEWORK GROUP  CS[ SG( C4HA0) , X(H2) ]

DEG OF FREEDOM 18
FULL PO NT GROUP

LARGEST ABELI AN SUBGROUP
LARGEST CONClI SE ABELI AN SUBGROUP CS
St andard orientation

Coor di nat es (Angstrons)

Q2- C1- C4=124. 1749
Cl- C4- C6=121. 1179
C4- C6- C8=125. 1077
C6- C8- H10=110. 8608
H9- C8- H11=107. 9835

Cs
Cs

NOP
NOP
NOP

NDNDN
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. 000000
. 107861
. 045263
. 787318
. 820951
. 873489
. 873489
10

NDNWNWN

. 000000
1.751444

- C4-
- C6-
Ho
H1

C8

H3
H5
H7
0-C8

Cl- C4=115. 1973
C6=122. 4397
C8=116. 7212
H10=107. 9835
H11=107. 6149
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Nurber Nurber X Y Z

1 6 -1.446841 . 049949 . 000000

2 8 -2.289503 . 891614 . 000000

3 1 -1.718149  -1.011473 . 000000

4 6 . 000000 . 327494 . 000000

5 1 . 289285 1. 364755 . 000000

6 6 . 885696 -. 656970 . 000000

7 1 .519290 -1.671810 . 000000

8 6 2.381647 -. 476756 . 000000

9 1 2.894287 -1.430534 . 000000

10 1 2.704145 . 076927 . 875722

11 1 2.704145 . 076927 -. 875722
Rot ati onal constants (GHZ): 33. 2404822 2.1999538 2.0897703
| sotopes: CG12,016,H1,CG12,H1,CG12,H1,C12,H1, H 1, H1
St andard basis: 6-31G D) (S, S=P, 6D, 7F)
There are 65 symmetry adapted basis functions of A symetry.
There are 22 symmetry adapted basis functions of A" symetry.

Crude estimate of integral set expansion fromredundant integral s=1.829.
Integral buffers will be 262144 words | ong.

Raf fenetti 1 integral format.

Two-el ectron integral symetry is turned on

87 basis functions 164 primtive gaussians
19 al pha el ectrons 19 beta el ectrons
nucl ear repul sion energy 154. 0345436915 Hartrees.

One-el ectron integrals conputed using PRI SM
One-el ectron integral symetry used in STVInt
The smal | est eigenval ue of the overlap matrix is 3.233D03
D pDrv: MaxL=4.
DipDrv: wll hold 34 matrices at once.
Initial guess read fromthe checkpoint file:
croton. chk
Guess basis functions will be translated to current atonic coordinates.
I NI TI AL GUESS ORBI TAL SYMMVETRI ES.
OCCUPIED (A")

>

(A)
VI RTUAL !

)
‘ )
¥ )
‘ ")
‘ ")
‘ ")
‘ ")
] I) n

(A) (A) (A
Al pha deviation fromunit magnitude is 1.31D 14 for orbital 83.
Al pha deviation fromorthogonality is 8.42D- 15 for orbitals 54 52.
Request ed convergence on RVS density matrix=1.00D-08 within 64 cycles.

Request ed convergence on MAX density matrix=1. 00D 06

R
B
2>
EEEEIEEE
B
EEEEEEEEY
EEEEELLLE
B
EEEEELEE
EEEEEE

)
)
)
)
)
)
)
)

P e N N e N N

SCF Done: FE(RHF) = -229.801048632 A U after 1 cycles
Convg = . 1336D- 08 -VIT = 2.0013
S**2 = . 0000

Range of M O's used for correlation: 1 87

***x* edited for brevity *****
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Ful | nass-wei ghted force constant matri x:

Low frequencies --- -203.0843 -4,7303 -3.6141 -.0016 . 0012 . 0023
Low frequencies --- 5.5315 145.5182 224.0104
koK Kk ko 1 imagi nary frequenci es (negative signs) ***x*x*

Har moni ¢ frequencies (cnf*-1), IR intensities (KM Ml e),

Raman scattering activities (A**4/ AMJ), Raman depol ari zation rati os,
reduced masses (AMJ), force constants (nDyne/A) and nornal coordi nates:
Har moni ¢ frequencies (cnf*-1), IR intensities (KM Ml e),

Raman scattering activities (A**4/ AMJ), Raman depol ari zation rati os,
reduced masses (AMJ), force constants (nDyne/A) and nornal coordi nates:

1 2 3
A A A
Frequencies -- -203.0843 145.5182 224.0104
Red. nasses -- 1. 0939 4.0919 3.5471
Frc consts -- . 0266 . 0511 . 1049
IR I nten -- 1.1708 4.3032 8. 6430
Raman Activ -- 3. 3668 . 3919 . 1147
Depol ar -- . 7500 . 7500 . 6831
At om AN X Y Z X Y Z X Y Z
1 6 . 00 . 00 .03 . 00 . 00 -.15 -.09 -.05 . 00
2 8 . 00 . 00 -.01 . 00 . 00 .27 .13 .18 . 00
3 1 . 00 . 00 .14 . 00 . 00 -.31 -.34 .02 . 00
4 6 . 00 . 00 -. 07 . 00 . 00 -.36 -.06 -.26 . 00
5 1 . 00 . 00 -.24 . 00 . 00 -.54 -.03 -. 27 . 00
6 6 . 00 . 00 .04 . 00 . 00 -.03 .02 -.19 . 00
7 1 . 00 . 00 . 23 . 00 . 00 .19 . 20 -.25 . 00
8 6 . 00 . 00 . 00 . 00 . 00 .17 -.02 .22 . 00
9 1 . 00 . 00 -.53 . 00 . 00 .44 .27 . 38 . 00
10 1 .07 -.46 .27 -.15 .16 .13 -.19 .32 . 00
11 1 -. 07 .46 .27 .15 -.16 .13 -.19 .32 . 00
4 5 6
A A A
Frequenci es -- 317. 4717 485. 7135 583. 0525
Red. nasses -- 2.2137 3.4281 4.3426
Frc consts -- . 1315 . 4765 . 8698
IR I nten -- 9. 3616 3.5712 16. 3935
Raman Activ -- . 7972 6. 2494 2.2838
Depol ar -- . 7500 . 2535 . 3446
At om AN X Y Z X Y Z X Y Z
1 6 . 00 . 00 -.19 -.22 -.03 . 00 . 00 . 26 . 00
2 8 . 00 . 00 . 05 -. 11 .10 . 00 -.32 -.02 . 00
3 1 . 00 . 00 -. 69 -.38 .01 . 00 .17 .21 . 00
4 6 . 00 . 00 .08 -. 11 -.09 . 00 .18 -.05 . 00
5 1 . 00 . 00 -.02 -.30 -.03 . 00 .61 -.16 . 00
6 6 . 00 . 00 . 23 .16 11 . 00 . 06 -.22 . 00
7 1 . 00 . 00 . 38 . 28 . 06 . 00 .09 -.24 . 00
8 6 . 00 . 00 -.10 . 28 -. 07 . 00 .09 .02 . 00
9 1 . 00 . 00 -.23 .02 -.21 . 00 . 36 .17 . 00
10 1 . 26 .03 -.21 .43 -. 17 . 00 -. 07 .12 . 00
11 1 -.26 -.03 -.21 .43 -. 17 . 00 -. 07 .12 . 00
7 8 9
A A A
Frequenci es -- 867. 8548 1059. 6105 1103. 4180
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Red. nasses -- 1. 3582
Frc consts -- . 6027
IR Inten - - . 0446
Raman Activ -- 9. 8418
Depol ar -- . 7500
At om AN X Y
1 6 .00 .00
2 8 .00 .00
3 1 .00 .00
4 6 .00 .00
5 1 .00 .00
6 6 .00 .00
7 1 .00 .00
8 6 .00 .00
9 1 .00 .00
10 1 -.33 -.04
11 1 .33 .04
10
A
Frequencies -- 1137.9949
Red. nasses -- 1.7313
Frc consts -- 1. 3210
IR Inten - - 4.8770
Raman Activ -- 8. 6801
Depol ar -- . 7500
At om AN X Y
1 6 .00 .00
2 8 .00 .00
3 1 .00 .00
4 6 .00 .00
5 1 .00 .00
6 6 .00 .00
7 1 .00 .00
8 6 .00 .00
9 1 .00 .00
10 1 .22 .05
11 1 -.22 -.05
13
A
Frequencies -- 1247.9950
Red. nasses -- 2.3120
Frc consts -- 2.1216
IR Inten - - 102. 2674
Raman Activ -- 20. 6155
Depol ar -- . 6371
At om AN X Y
1 6 .17 .16
2 8 -.02 -.02
3 1 .32 .13
4 6 -.17 -.12
5 1 -.70 .02
6 6 .09 . 06
7 1 . 25 .00
8 6 -.02 -.09

.02
.01
.33
.13
.51
11
.57
.04
.18
11
11

.22
. 05
. 89
. 09
.12
. 03
.01
. 06
J11
. 06
. 06

.00
.00
.00
.00
.00
.00
.00
.00

1.6552
1.0949
1.0626
1.8855
. 1594
X Y
. 03 . 04
-.02 .00
. 03 . 04
. 03 -.10
.19 -.15
11 . 05
.44 -.06
-.16 . 08
-.71 -.22
.16 -.19
.16 -.19
11
A
1153. 8559
2.7898
2.1884
6. 3616
4. 0405
. 2624
X Y
-.12 -.09
-.03 . 03
-.32 -.05
.18 . 04
-.07 .12
. 23 . 09
.07 .15
-.16 -.13
.29 .12
-.52 .15
-.52 .15
14
A
1393. 3889
1.3305
1.5220
2. 0160
. 5283
. 2537
X Y
-.02 -.02
. 03 .00
.22 -.08
-.11 .00
.78 -.25
-.03 .10
.39 -.05
.01 -.07
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.00
.00
.00
.00
.00
.00
.00
.00
.00
. 05
-.05

.00
.00
.00
.00
.00
.00
.00
.00
.00

. 05

.00
.00
.00
.00
.00
.00
.00
.00

.00
.00
.00
.00
.00
.00
.00
.00
.00
. 23
-.23

.00
.00
.00
.00
.00
.00
.00
.00
.00
.46
-.46

. 03
.00

. 28
. 03

.02

1.1095
. 7959
43. 6528
. 4071
. 7500
Y
.00
.00
.00
.00
.00
.00
.00
.00
.00
. 05
-.05
12
A"
1191. 0048
1.5281
1.2771
3. 0696
2.8804
. 7500
Y
.00
.00
.00
.00
.00
.00
.00
.00
.00
.13
-.13
15
A
1455. 3913
1.3626
1.7005
4.7638
23. 5329
. 3212
Y
. 03
-.02
.07
-.14
-.23
. 09
.40
.01

.00
.00
. 03
. 08
.76
.00
. 54
. 06
.12
. 06
. 06

. 06
.01
. 23
. 04
.12
.16
. 57
.12
. 26
.13
.13

.00
.00
.00
.00
.00
.00
.00
.00
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9 1 . 23 .05
10 1 -.26 .11
11 1 -.26 .11

16

A
Frequencies -- 1554.5073
Red. nasses -- 1.2018
Frc consts -- 1.7110
IR Inten - - 8. 1449
Raman Activ -- 9. 3018
Depol ar -- . 7442
At om AN X Y

1 6 -.05 -.04

2 8 -.01 . 06

3 1 .71 -.26

4 6 .00 .00

5 1 -.05 .02

6 6 .03 -.02

7 1 -.11 .02

8 6 . 07 .03

9 1 -. 27 -.15
10 1 -.32 -.09
11 1 -.32 -.09

19

A
Frequencies -- 1635.8132
Red. nasses -- 1. 0445
Frc consts -- 1. 6468
IR Inten - - 6. 1365
Raman Activ -- 21. 1679
Depol ar -- . 7500
At om AN X Y

1 6 .00 .00

2 8 .00 .00

3 1 .00 .00

4 6 .00 .00

5 1 .00 .00

6 6 .00 .00

7 1 .00 .00

8 6 .00 .00

9 1 .00 .00
10 1 .35 -.34
11 1 -.35 .34

22
A
Frequencies -- 3148.4033
Red. nasses -- 1.0863
Frc consts -- 6. 3440
IR Inten - - 97. 7927
Raman Activ -- 74.5778
Depol ar -- . 3111
At om AN X Y
1 6 .02 .08
2 8 .00 .00

.00
-.04
. 04

.00
.00
.00
.00
.00
.00
.00
.00
.00
.21

.00
.00
.00
.00
.00

.01

.72
. 05
. 05

z
.00
.00

.22
-.10
-.10

. 04
.02

. 08

. 20
11

. 03

.12
.35

. 56
. 06
. 20

X
.00
.00

. 04
.10
.10
17
A
1566. 7689
. 2260
L7731
. 5314
. 7433
. 5714
Y
. 03
-.05
. 20
. 03
.01
.00
-.09
.02
-.19
-.05
-.05
20
A
1873. 0417
5. 6590
11.6974
25. 8642
71. 0499
. 2902
Y
-.05
. 06
-.09
-.26
-.11
. 28
.00
-.03
. 04
-.02
-.02
23
A
3213. 0870
1.0374
6. 3105
19.6770
146. 0865
. 0131
Y
.00
.00

N

Test 2, “IR/Raman Spectroscopy”, Chem416, Dr. Glaser

.00
. 06
. 06

.00
.00
.00
.00
.00
.00
.00
.00
.00
.22
.22

.00
.00
.00
.00
.00
.00
.00
.00
.00
. 05
. 05

z
.00
.00

-.08 -.03 .00
-.07 .03 .02
-.07 .03  -.02
18
A
1632. 7919
1. 0594
1. 6640
3.0715
13.5718
. 7471
X Y z
.00 -.01 .00
.00 .01 .00
.03  -.02 .00
.02 .00 .00
-.04 .02 .00
-.01  -.02 .00
-.01  -.02 .00
.04  -.04 .00
-.44  -.28 .00
.00 .50 -.32
.00 .50 .32
21
A
2005. 6465
9. 5559
22. 6481
416. 7662
109. 7203
. 3617
X Y z
.53 -.44 .00
-.32 .32 .00
-.44  -.15 .00
-.11 .07 .00
.26 -.06 .00
.03 -.04 .00
-.08 .01 .00
.00 .00 .00
-.01 .00 .00
.02 -.01 .00
.02 -.01 .00
24
A
3269. 8952
1.1023
6. 9443
19. 4110
76. 4648
. 7500
X Y z
.00 .00 .00
.00 .00 .00
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3 1 -. 27 -.96 . 00 . 00 .01
4 6 . 00 . 00 . 00 . 00 . 00
5 1 . 00 . 00 . 00 . 00 .01
6 6 . 00 . 00 . 00 . 00 . 00
7 1 .01 .03 . 00 .00 -.02
8 6 . 00 . 00 . 00 . 05 .02
9 1 . 00 .01 . 00 -.21 .41
10 1 . 00 . 00 . 00 -. 17 -.32 -
11 1 . 00 . 00 . 00 -. 17 -.32
25 26
A A
Frequencies -- 3290.6019 3332. 8440
Red. nasses -- 1.1022 1.0911
Frc consts -- 7.0316 7.1407
IR I nten -- 22.1217 22. 4854
Raman Activ -- 75. 3107 71.9405
Depol ar -- . 7478 . 3260
At om AN X Y Z X Y
1 6 . 00 . 00 . 00 . 00 . 00
2 8 . 00 . 00 . 00 . 00 . 00
3 1 . 00 . 00 . 00 .01 .03
4 6 . 00 . 00 . 00 . 00 .01
5 1 . 00 .01 . 00 -.01 -.03
6 6 .00 -.02 . 00 -.03 -.08
7 1 .07 . 20 . 00 .33 .92
8 6 -.02 .09 . 00 .01 -.02
9 1 .40 - 77 . 00 -.09 .17
10 1 -.09 -.15 . 26 .02 .02
11 1 -.09 -.15 . 26 .02 .02 -.
- THERMOCHEM STRY -
TEMPERATURE  298. 150 KELVI N.
PRESSURE 1. 00000 ATM
ATOM 1 HAS ATOM C NUMBER 6 AND MASS 12.00000
ATOM 2 HAS ATOM C NUMBER 8 AND MASS 15.99491
ATOM 3 HAS ATOM C NUMBER 1 AND MASS 1.00783
ATOM 4 HAS ATOM C NUMBER 6 AND MASS 12.00000
ATOM 5 HAS ATOM C NUMBER 1 AND MASS 1.00783
ATOM 6 HAS ATOM C NUMBER 6 AND MASS 12.00000
ATOM 7 HAS ATOM C NUMBER 1 AND MASS 1.00783
ATOM 8 HAS ATOM C NUMBER 6 AND MASS 12.00000
ATOM 9 HAS ATOM C NUMBER 1 AND MASS 1.00783
ATOM 10 HAS ATOM C NUMBER 1 AND MASS 1.00783
ATOM 11 HAS ATOM C NUMBER 1 AND MASS 1.00783
Mol ecul ar nass: 70. 04186 anu.
Principle axes and nonments of inertia in atonic units:
2 3
El GENVALUES - - 54.29347 820. 35413 863. 60745
X . 96202 -.27299 . 00000
Y -.27299 -. 96202 . 00000
Z . 00000 00000 1. 00000

THI'S MOLECULE 1S AN ASYMVETRI C TOP
ROTATI ONAL SYMVETRY NUMBER 1.
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.00
.00
.00
.00
.00
.00
.00
.51
.51

.00
.00
.00
.00
.00
.00
.00
.00
.00
. 04

04

.00 .00
.00 .00
.00 .00
.00 .00
.00 .00
.00 .00
.00 .00
.21 -. 37
.21 .37
27
A
3365. 0649
1.0932
7.2936
6.9641
58. 3551
. 2802
Y
.00 .00
.00 .00
.00 .00
.02 -.09
.27 . 96
.01 .00
.01 . 03
.00 .00
.00 .01
.01 .01
.01 .01

.00
.00
.00
.00
.00
.09
.02
. 56
. 56

.00
.00
.00
.00
.00
.00
.00
.00
.00
.01
.01
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ROTATI ONAL TEMPERATURES ( KELVI N)
ROTATI ONAL CONSTANTS ( GHZ)

1 1 MAG NARY FREQUENCI ES | GNORED

ZERO- PO NT VI BRATI ONAL ENERGY

WARNI NG- - EXPLI CI T CONSI DERATI ON OF

VI BRATI ONAL TEMPERATURES: 209.
(KELVI N) 1248.

1713.
2254,
4529.
4841.
. 1012903 ( HARTREE/ PARTI CLE)
-229. 6997583 ( HARTREE/ PARTI CLE)

SUM OF THERVAL ENERG ES:

SUM OF HARTREE- FOCK AND THERVAL ENERG ES:

252739. 5 (JOULES/ MOL)

1.59528
33. 24048

. 10558
2.19995

60. 40620 ( KCAL/ MOL)
. 0962634 ( HARTREE/ PARTI CLE)
5 DEGREES OF
VI BRATI ONS MAY CAUSE S| GNI FI CANT ERROR

37
64
58
22
82
55

TRUST EVERYONE, BUT CUT THE CARDS

newt on. ncs. m ssouri . edu
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322. 30
1524. 53
1795. 58
2349.21
4622. 89

456.
1587.
2004.
2353.
4704.

FREEDOM AS

77
56
76
56
62

698. 83
1637. 31
2093. 97
2694. 87
4734. 41

. 10029
. 08977

838. 88
1660. 13
2236. 58
2885. 66
4795. 19
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