
JOURNAL OF RESEARCH of the National Bureau of Standards- A. Physics and Chemistry 
Vol. 67A, No.3, May- June 1963 

Infrared Spectrum of the 112+ 116 Band of C13C12H/ 
Walter 1. Lafferty and Earle K. Plyler 

(Februar y 12, 1963) 

The infr ar ed spectrum of the V2+ V6 band of Cl3Cl2H 6 has been a nalyzed an d a value of 
B o= O.64865 ± O.00005 cm- 1 determined. Whe n this value is combined wi t h that found in 
recrnt work on isotopically normal ethane, a "1" .." value of 1.527 ± O.004 A for the carbon­
carbon bo nd distance is obtained . (Uncer tai nties a re probable errors .) 

l. 
1. Introduction 

From recen tin Crared studi es of ethane a nd ethane-

II.. d6, a ground state carbon-carbon bond distance of 
1.536 wi th probable error 0.002 A has been obtained 
[1, 2].1 This bond distance is considerably higher 
than the C- O bond lengths, 1.526 with limits of 
error ± 0.002 A, obtained fo]" the saturated hydro-

I . carbons propan e and isobuta ne by th e "1'," or "sub-
sti tution" meth od in the micro wave s tudies of Lide 

I [3, 4]. ince the two methods of determining bond I distances are only approximatel.v equivalent due to 
" rotati.o~1-vibration effects , this differ ence is not 

s~ 

I 

l. 

smpnSll1g. 
The purpose of this work was to examine th e 

spectrum of 01 3C12H 6 in an attemp t to obtain a 
"1'," value for the 0 - 0 bond distance of ethane for 
compariso n with these bond lengths reported for the 
more comple.· molecules . In addi tion other rota­
tional con stants would be obtained which would be 
of use to future investigators of this molecule. 

2. Experimental Procedure 

The sample, which contained 59.5 percent 
QI 3012H 6' was purchased from M erck Sharp & Dohme 
of Oanada, Ltd. The spectra were taken with a 
pressm e of 3.2 mm Hg total pressure (1.9 mm 
C13012H 6) and an optical path of 24 m. 

The spectrometer, used in this study as well as 
for the normal ethane work [2], has been described 
previously. Because of the small amount of costly 
sarnple available, a threefold longer optical path 

.'" (24 m) was r equired than was used for ethane. This 
I resulted in the loss of sorne resolution ; however, lines 
» separated by about 0.035 cm - 1 could be r esolved. 

I 
'''' 

Th e spectra were measured by using rare gas emission 
lin es as standards. The regions between the stand­
a.rd lines were measured from the fringe system 
formed by a F abry-Perot interferometer [5]. 

*ThiS work was sup po r ted by tho Hosca rch Di\' ision of the U.S. Atomic Energy 
Commission . 

I Fi gures in brac krts indicate tllC literature frfcrences at the end of th is paper. 

3 . Rotational Analysis 

As in tll e case of normal ethan e, th e only parallel 
band of C1 3012H 6 that could b e r esolved sufficien tly 
well with the instrumentation available was t he 
1'2+ 1'6 band at 2749 cm- 1. Substitution of one C l 3 

in ethane results in a shif t of about 4.1 cm- I for the 
orig in of this band. Sin ce tlw sample co ntai ned 
about 40 percent normal ethane, the r es ulting spec­
trum consisted of a compli cated mixture of lines 
from the t wo overlapping bands together wi th their 
acco mpanyi ng " hot ba nds" arising from excited 
levels of the torsional v ibration . The lines of eLha ne 
were easily iden tified when tlte spectra were compar ed 
with those obtained from the earlier studies on 
ethane. The vibrational shif t was such tha t mos t of 
the P and R branch lin es fell between th ose of t he 
normal ethan e. There was, however , some blending 
of the lines. Since blending can result in an ap­
parent change of the frequency of a lin e, all blended 
lines were marked as such when assigned and given 
a weight of ~f in th e followi ng calculations. B adly 
overlapped lines were not used in the analys is . 

As in the case of normal ethane, the qu a ntity 
(A' - B' ) - (A" - E") was sufficien tl.v large so that 
transitions from the substates f{= 2 a ncl high er were 
r esolved . The unresolved lines from the s ubstates 
f{ = 0 and 1 were not used in the calculations. The 
ground state rotational constants were calculated by 
means of combination differences from the equation 

c,2F" = R (J - I, K) - P(J+ 1, J{) 

= (4B" - 6D'; - 4D';K J{2) (J + ! ) 

-SD'; (J + !)3. (1 ) 

Since no substates with f{ greater than 6 were 
identified, the value of D';K ob tained was highly 
uncertain . The assumption was then made that 
this constant is equal to that found for ethan e t imes 
the ratio of tbe B values of the subs tituted ethane 
t o that of the normal molecule or 5.S X 10- 6 cm - I. 

,iVi th this assumed co nstan t , th e resulting grou nd 
state rotational co nstants found by least squllres 
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were B" = O.64865 ± O.00005 cm- 1 and D j = 8.4± 
l.4 X 10- 7 cm-1 where the un certainties cited are 
probable errors. The values of D j calculated is in 
good agreement with that found for normal ethane 
(D j=7±2X10- 7 em-I) . 

The upper state rotational constants were deter­
mined using the equation 

v= vo + [BI + B" - (D~K+DjK)K2Jm+ [BI _ B" 

-D~+Dj - (D~K-D~~)K2Jm2-2(D~+D'j)m3 

- (D~-Dj)m4+[(AI-BI) - (A" - B" )]K2. (2) 

The values of B", D'j, D'jK obtained above were 
inserted into the equation, and the data were sub-

jected to a least squares fit. As in the case of nor­
mal ethane, the K = 5 subs tate was found to be per­
turbed. The origin of this state fell 0.03 2 cm- 1 

above the calculated value. IVhile this difference 
is small, it is 3.1 times the standard deviation of the 
fit taken without including this subs tate and is there­
fore significant. Any changes in the other rotatiollfl l 
constants of this state were too small to be detected. 
Because of this perturbation, the observed frequen­
cies were again fit to eq (2) with the frequencies from 
the K = 5 substate omitted. The constants obtained 
from this treatment are listed in table 2. The spec­
trum calculated from these constants is compared 
with the observed spectrum in table 1. For the 
K = 5 substate, the observed orig in was used instead 
of that calculated from eq (2). 

T ABLE 1. Compm'ison between observed and calculated spectrum of "2 + " 6 of C I3 C I2H 6 

Obs 

cm- i 

~: : ::::::::::::::::: } 2754 .104 
~,_________ _ ________ 54.229 
~3__ __ _____ _________ b 54. 346 

:~ ~ ~ ~ ============== = } 4, _________________ _ 
4.1 _______________ __ _ 

41_ - - - ---- - ---------

~~================== } 52 _____________ -----
53 ___ _________ __ ___ _ 
54 _________________ _ 
5., _________________ _ 

54.362 

55.410 
55.54,) 
55.6il 

56.528 

56. 589 
56.719 
56.838 

b 57.072 

~::::::::::::::::::: } .17.671 
6,_ _ ______________ __ 57.728 
63_ _________________ 57.860 
e, __________________ 57.977 
65_ _ ________________ 58. ] 95 
6,__________________ 58. 399 

~::::::::::::::::::: } 2758.800 
7,__________________ 58.839 
73_ _________________ b 58. 963 
7, ______________ ____ 59.085 
75__ ________________ 59. 342 
,,__________________ 59.501 

~::::::::::::::::::: } 8, ______ ___________ _ 
83 ___________ ___ - __ _ 
8, _________________ _ 
8.\ _________________ _ 
8, _________________ _ 

~~================ ~ ~ } 9,- _______ _____ ____ _ 
93 ________ _________ _ 

94 _ - - ------ ---------2,j _______ _________ _ _ 

gf' ~ - - _ - - - - - - - - - - - - --

59.898 

59.950 
60.087 
60. 191 
60.396 
60.589 

60.988 

61. 024 
61. 152 

b 61. 2i7 
61. 476 
61. 664 

100 _________________ } 2762.045 
10, _____ ___________ _ 
102 _ _ _______________ 62.079 
10,_________________ 62.203 
10, _________________ 62.322 
10, __ _____ _________ _ 62. ,)34 
10,____________ __ ___ 62.721 

ii:::::::::::::::::: } 63.082 
11, __ _______________ 63. 150 

b Blended line. 

Calc 

cm- 1 

{ 2754.141 
54.163 
54.227 

b54. 336 

55.331 
55.353 
55.417 
55.525 
55.675 

56. SOL 
56.522 
56.585 
56.69l 
56.840 
57.061 

57.650 
57.669 
57. 732 
57.836 
57.982 

58.399 

{ 2758.775 
58.795 
58.857 
58. 959 
59.102 
59.317 
59.511 

59.882 
59.901 
59.961 
GO. 061 
60.201 
60.412 
60.600 

60.966 
60.984 
61. 043 
61. 140 
61. 276 
61. 483 
61. 666 

{ 2762.037 
62.045 
62.103 
62. 197 
62.330 
62.53 l 
62.708 

63.069 
63.086 
63.141 

Obs Calc 

cm- 1 cm- t 

2745.290 2745.297 

b 43. 931 43.936 
44.058 44.046 

42.550 42.553 
42.652 42.6G2 
42. 825 42.814 

41.158 41. 149 
41.276 41.257 

b 41.411 41.407 
41.646 41. 635 

2739.66 1 

b 39. 722 
39.835 
39.980 
40. 199 

38.209 

38. 205 
38.388 
38.537 
38.751 
3S. 944 

{ 2739.638 
39.657 
39.724 
39.830 
39.978 
40.203 

38.193 
38.213 
38.277 
38.381 
38.527 
38.749 
38.944 

36. 794 36. 809 
36.913 36.912 
37.055 37.055 

37.468 37.463 

2735.269 

35.3 15 
~5 . 433 
35.560 
35.757 
35.948 

33.7.56 

33.802 

{ 2735.238 
35.258 
35.320 
35.420 
35.560 
3.).773 
35.959 

33.731 
33.749 
33.810 

QRK (J ) 
JK 

Obs Calc 

cm- 1 cm- 1 
11 3 __ _______________ 63.236 63.233 11, ____ __ __ __ __ _____ b 63. 3fi6 63.361 11 5 _____ ____________ 63.540 63.556 116 __ _______________ 63.717 63. 728 

g:::: :: ::~: : ::::::: } 64.104 64.089 
64. 105 

12, __ ____ ________ ___ 64. 143 64.158 123 ______ ___ __ ___ ___ b 64.253 64.247 12, __ ________ _______ b 64. 368 64.370 125 ____________ ___ __ 64.558 64.560 
126 __ ___ __ ________ __ 64.715 64. 723 

i~: : :::::::::::::::: } 65. 111 65.087 
65. 103 

13, _________________ 65.150 65. 154 
133 __ ______ ____ _____ b 65.231 (i5.238 13, ___ ____ ________ __ b 65. 358 G5.357 
13, __ _______________ 65.529 65.540 
136 ___ _________ _____ 65.700 65.696 

i!:::::::::::::::::: }------- ---- ------------
.14, ____________ __________ __ _________ ____ ___ _ 
14,__ ___ __ __________ 2766.237 2766.208 
14, __ ___________ ____ b 66.310 66.321 
14, __ _______________ 66.508 66.497 
146_ _ _____________ __ 66.638 66.645 

15, ______ __________ _ 67.070 67.079 
153 __ ___________________________ ______ __ __ _ _ 
15,__ ___________ ____ b 67.259 67.263 
15, ________ _________ 67.444 67.431 
156__ __ __ _______ ____ 67.591 67.571 

QPK (J ) 

Obs 

cm- 1 

b 33. 90S 
34.044 
34.24 l 
34.440 

32.230 

32.270 
b 32. 369 

32.509 
32.696 
32.890 

30.679 

30.719 
30.834 
30.937 
31. 150 
31. 310 

2729. 112 

29.142 
29.239 
29.363 
29.542 

Calc 

cm- 1 

33 . 907 
34.043 
a4.253 
04. 4~3 

{ 32.201 
32.2 18 
32.278 
32.373 
32.505 
32.710 
32.883 

{ 30.649 
30.667 
30.725 
30.816 
:1O.945 
31. 144 
31. 311 

{ 2729.077 
29.095 
29. 151 
29.239 
29.363 
29.556 

27.548 27.556 
b 27.618 27.641 

27.755 27.759 
27. 952 27. 9 47 
28.097 28.098 

~~:::: ::: :: ::::::::: } 67. 976 g~ gg~ 25.894 { ~U~~ 
162 __ ________ _______ 68. 010 68.009 2.0.93.\ 25.940 
16,_________________ ________ ____ _____ ___ ____ 26.030 26.021 
164__ ______________ _ ____________ __ _____ _____ 26.137 26.134 
16,_ _ ______________ _ 68.330 68.342 _____ ____________ _____ _ _ 
166__ ________ ___ ____ 68.468 68.473 ______________ ___ ______ _ 

g~::::: : ::::::::::: }_____ ______ ___ __ __ _____ 24. 268 ~g~~ 
17,__ ____ __________ _ _________ ___ ___ ___ _____ _ 24.298 24. 302 
173__ ____ ___________ 68.990 68.985 24.385 24. 379 
17,_ __ ____ __________ _________ ___ ___ _______ __ 24.187 24.487 
175__ _______ ________ 1l9.23G 69.234 __ ____ _________________ _ 
176________________ _ 69.356 69.352 __ ________________ ____ _ _ 

18, __________________________ __ __ _____ __ ___ _ 
183 ______________________________ ______ ____ _ 
184 __ _____ ____ ________________ _______ __ ___ _ _ 

193 ___ ____ _______ ___ ______ _________________ _ 
19. __ _______________________ ___________ ___ _ _ 

20, _____ __ ___ ___ ______________ ________ __ ___ _ 
203 _________________________________ ____ ___ _ 
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22.649 
22.707 
22.818 

2721. 030 
21. 129 

19.270 
19.348 

22.644 
22.716 
22.818 

2721. 032 
21. 127 

19.264 
19.327 

) 
1 
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Rotational constants oj C,3C'2II6 dPrived f rom the 
combination band, "2 + "6 i n em- I. 

VO 27'1U .1f>4± O.002 
B " O.G4865±O.00005 
D ; 8.4 ± IAX IO- 1 

D;K 5.8X I0-' (assum ed ) 
B ' - B " - O.OlOG2 ± O.cJOOOl 
D~K- D;K 3.12± O.07XIO-' 
D~- D; ~O 

D~- D~ I ~O 

(A ' - H' ) - (A " - Ii" ) = O.022G± O.OO05 

a [jncerLa in lies cited are probable errors. 

4. Results 

For a s,nmnetric top molecule, th e " 1'," dis tance of 
a 11 atom on the symm etry axis from the cen tel' of 
gravity is given by the relation 

!J.lo = f.J.r~ (3) 

where !J. l o is tlte change of the m oment of inertia 
upon su bst itution , f.J. = m!J.m/(M + 2m), Ai is t he m as 
or t he Ol'iginal molecule, and!J.m is thc cha ngc of mass 
upon substitu tion . Using t he Eo value obtained 
carli er JO l' cthan e and the va lue found for t he 0'3 
s ubs tituted etha ne above, a "I's" value of 1.527 ± 
0. 004 A for t he C- C dis tancc is calculatcd. The 
ull ccr ta in ty citcd is probable Cl'ror . 
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This value supporLs Lide's estim ate that the 
"I's" value for ethane li es in the range 1.525- 1.530 
A [6J a nd is in good, albei t somewJw.t fortuitous, 
agr eement with the valuc 1.526 A found ("or the 
C- C bond lcng ths in propanc and isobutaue. 

The au thors Lhank Dr. B . P . S toichcfr for his 
s uggestions and interesL ill Lhis problem , a nd l\]iss 
Jessie Kirkla nd for m cas ur in g lhc spcc Lre\,. 

5. References 

[1) H. C. Allen, Jr. , a nd E. K . P ly lpl", J . Chern. Phys . 31, 
1062 (1959) . 

[2) W. J. Laffer ty and E . K Plyler, J. Chem. Phys . 37 , 
2688 (1962) . 

[:3) D. R. L ide, J. Chem. Ph ys. 33, 1514 (1£)60) . 
[--I} D. R. Lide, J. Chern. Phys . 33, 15 H) (1960) . 
[5] E. K. Plyler , L . R. Blain e, and E . D. Tidwell , J . R esearch 

XBS 55, 183 (1955) J1P 2617. 
[6) D. R . Lid e, Tetrah edron 17, ] 25 (1962) . 

(Paper 67.A3- 208) 

/ 

~ 


	jresv67An3p_225
	jresv67An3p_226
	jresv67An3p_227
	jresv67An3p_228

