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STRUCTURAL STUI'IES OF LINFAR MOLECULFS BY
MICROWAVE SPECTROSCOPY

o
J.%. Tyler and J. Sheridan

Department of Chemistry, The University, Birmingham.

Abstract

Rotational constants have been measured for three isotopic forms
of fluorine cyanide, six isotopic forms of fluordacetylene, and for the

2
3 132-H and 321213

species 35C1015N,V cict®n, 149N, 304 ~H.
Accurate bond-distances have been computed for all the halogen cyanides
and for fluoro- and chloroacetylene, b;} the method of isotopic substitution
at all atoms (except ¥ and I}. The F bonds in these compounds are

the shortest yet found. The TN distance is virtually constant at 1,159 A.
The nuclear quadrupole coupling constant for nitrogen-14 in fluorine
cyanide, -2.67 Mc/s, is the lowest yet measured for a cyanide grouping.
The dipole moments of fluorine cyanide and fluoroacetylene, from Stark
effects, are 2.17 D and 0,75 D respectively. Rotation spectra of molecules
in excited bending vibrational states are analysed for fluorine cyanide,
fluoroacetylene and cyancacetylene abstreet.

The present work is part of a series of studies of internuclear
distances and electronic structures of simple molecules from their
rotation spectra. Although there has been considerab'lé microwave work
on linear molecules, the data have been insufficient for the derivation
of the most complete structural information in certain simnle systems.
Mereover, fluorine cyanide and fluoroacetylene, the first substances
to contain fluorine attached to a triply bonded carbon atom, have only
recently been prepared. Studies of these two substances are described
in detail here, following brief preliminary communicaﬁonal’z. Data for
rare isotopié forms of related linear molecules have also been measured
when necessary for the present treatment,

"Jostauin3 has emphasized that when, as nearly always at present,

insufficient equilibrium moments of inertia are available for derivation

of equilibrium parameters, the best estimates of internuclear distances
» Present address: National Research ZTouncil, Ottawa, Canada




are made from the changes in the ground-state moments of inertia caused by
isotopic substitution at each atom. We have now obtained enough data to
apply these methods in the fullest possible way to fluorine cyanide, chlorine
cyanide and iodine cyanide, and also chloro- and fluoroacetylene. Special
considerations arising from the lack of a second isotope of fluorine, and
occasionally from ‘he smallness of certain isotopic shifts, have been made
in ways indicated in earlier treatments™’

In addition, we have measured the electric dipole moments of fluorine
cyanide and fluoroacetylene from the Star’k effects in their spectra, and
the nuclear quadrupole coupling constant of nitrogen-14 in fluorine cyanide. ‘
Rotation spectra of these two molecules, and of cyanoacetylene, in
excited levels of degenerate vibraticnal modes, have also been analysed.

We believe that the results of these measurements allow as accurate
a comparison as is possible at present between the structures of these

molecules.

FYXPERIMENTAL

MATERIALS

Initial work on fluorine cyanide was carried out with impure samples
in which this substance was first detected by infra-red spectroscopys.
Fawcett and Lipscomb6 have described the preparation of pure fluorine
cyanide by the pyrolysis of cyanuric trifluoride at 1200°C in a carbon
tube packed with carbon chips. Ve have found that fluorine cyanide
is produced in good yield by passing the vapour of cyanuric trifluoride
over a white hot platinum spiral, followed by vacuum fractionations
monitored by infra-red spectra. The samples used were sufficiently
pure for ready observation of the spectra of ‘7‘13’:N and ¥215 N in their
natural abundances.

The preparation of fluoroacetylene followed that of Middleton and
Sharkey7. LCeutero-fluoroacetylene was obtained by direct exchange
with alkaline deuterium oxide. Infra—r\e_d analysis of both samples showed

\

that they were virtually pure. X
o
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“hlorine cya.nides. iodine cyanideg, and chloro:«xcetylenelo were

prepared by standard nfethods. ~yanoacetylene was obtained by the
dehydration of propiolic amide with phosphorus ;:ve:ntoxidell , and a
portion deuterated by exchange with deuterium oxide.
SPECTROSCOPIC ME THODS

Absorption frequencies were measured in a spectrometer employing
Stark effect modulation at 100 kc¢/s, of eseentially conventional design
to be briefly described els ewherelz. Tor highest resolution of stronger
absorptions, and for work above 45,000 Mc/s, a simple video spectrometer13
was used. The absorption cells were cocled tc: -78°7 for all stud;es
except those of iodine cyanide. The spectra of all the species containing
carbon-13 or nitrogen-15 were measured at the natural concentrations
of these isotopes. Stark effect displacements were measured in the usual
way by addition of a d.c. potential to the modulation, the electric field
in the cell being calibrated from Stark displacements measured under
the same conditions for the J = 1 *2 transition of carbon oxysulphide, for
which the dipole moment was taken as 0.7124D.

RESULTS.

Measured frequencies, vgith thier assignments, are listed in table 1.

TABLF 1. MEASURED "REOUENZIES (Mc/s)

Fluorine Tyanide

Transition Trangition
2
w12~y 3233 v=0

J6->1 wv=0

Fl -1 21107.71 ®152 |
Fl--2 21108. 50 w2%3 | 63324.60
Fl1-:0 21109. 69 w374 '

°

J1+2 v=0
F2 =2 vel, t=1 63447. 99
Fo~1) s A42215.86 (V) 63567. 06
Fl1-2
F23 ) 42216. 64 pl3-14y, .
F2-51 - e JO=1 v=0
F1-21 ©42217.94 F152 o 21095.71

pl2-150

JO1 v=0 20372.32
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~hlorine ~yanide ®

Transition 312 1y 35512-18y  3yI2 My 371210
3223 :
Fi3/2, 3/2>5/2 35820. 93 34434.32 35080.32 33755. 32
F5/2-21/2, 1/259/2  35%25.77 34429.21 | 35024.14 33759.19
Iedine Zyanide

Transition
7495 127,12 14y 127,12..15
v9/2 511/2 32243.41 30719.59
¥13/2>15/2 32263.32 . 30039, 63
v11/2-313/2 32278.36 30849. 90
Fluoroacetylene .

Transition FCH roR
JO=S1 v=0 19412. 37 17472. 0
J132 v=0 38724. 64 34944. 07
v=l,2="1 (V) | 38334.69 § 34978.02

' 39384.96 { 35031.04
vel, 0=t () [ 38396.94 [ 35011.51
i 39973.41 . 35072.82
J394 v=0 77648, 58 69837. 66
o rl3~oy wl3-rp ®

JOo»1 v=0 19401.12 17467.82
J192 v=0 38802, 53 34935.56
JOsl v=0 18747.94 -
J1-72 v=0 37495. 67 . 33;44.93
Zhloroacetylene

Transition Brcon Bo1-t?w 3513y
1233
F 7/229/2, 5/231/2 34106.09 32819, 35 33934.10
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~ Cyanoacetylene
Transition Transition
HCZCN vel,0:="-1
JO071 v=0 ( ¥4)(cont)
Fl-1 9097. 09 F 252
F 12 9098. 36
F1-30 9100. 32 F 353
9145. 92 23
5 /9154, 83 r152
v = 2,32 =0 x
(y7)a (9156.09 ¥ 354 )
J253 v=0 F 292
F 323 27292.94
12 27294.06 v=21=0"%2
F 237 (V)
r 27294.33
F 340 J374 v=0
252 27296.20 F 44
4. (27297.18 45
v=1,¢2=-1
(Vs L 21312.47 v324
oa
v=1,2:% 527339.13 253
(Ye) [ 27360.47 * 323
v=1,0="1 v=1,0="1
(o) (:'5)
F 353 27360. 47 v=1,0="1
23 27361.12 (/e
El~2 ’
T 31361.51 L
F.394 - RV
J=3->4(Contd.) i
v-l,l-—t ’ J7-'% v=0
(Vq) ® vel, ¢=7
®
F 4-24 - (Vg)
+
F3-4 36481.72 v=l, =21
Y
F455) (gd
v b 36481. %8 '
F 2->»3 ) v=l, =21
F 33 36483, 28 (:q)

27399.
27400.

27400.

©27436.

—

27466.
27467.

363990.

36392,

36394.

36395.
36416,

. 36452,

m—

A,

136430,

72783,
72790,
72331,
72902.
72960.
72962,
73067.

69
37

74

63

42
73

89

36

18
91
51

08

63

79

50
45
44
43
63
27

“ontd. ..
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~yanoacetylene (Zontinued)

T=3-4, (Contd.)

vVl i=1 (2,7) J9>10 v=0 90979. 05
F 4-%4 36532.94 v=l,2:=%1 ¢ 90987, 30
F 34 36534, 04 (7s) ( 91038.60
F 45 ) v=1l,12=11 { 91128.48

. 36534.17 ().) &
F2=3 ) V6 { 91200.03
F 353 36535, 54 ve=l,0=%1 [ 91202. 64

7
36582. 17 (Jq)  91332.15

36533. 69 NCCON
v=2,0=052]36622.25 7394 v=0 33772.56
J 7 :
(/) (_36623. 51 r=1,0=01 < 33796. 07
(/) | 33817.54
+. +

v=3, 0= 7113668490 ve=l,0=11 . 33822.62
(/20 (36789.99 (/¢ [ 33847.40
v=13,0=13/36737.14 v=1, =" 33852, 65

; .
(ye) 136738.32 ( Jq) | 33898.97
v=2, 0=0%2 33979.29

()

The estimated experimental uncertainties are * 0.1 Mc/s, except for
lines of rare isotopic species, where the errors may reach twice this.
Table 2 gives the derived rotational constants for the ground states,
while the centrifugal distortion cons.tants. D;I ,' a‘e liste.d in Table 3, with
va‘lues‘ of the constants a, representing the .éffects_y of va_x_'io'.xs vibrational
q.uanta‘on the rota_tional. ‘cons;tant B, and the corresponding ?-type
dodb}iﬁg conatanl:s.‘, q. ' Wor the assignments given, the line-frequencies
calculated from these ct‘)nstants agree with observation within t;e error
of measurement in virtually all cases. Relative intensities were in
agreement with the assignments.

Stark effect displacements are summarised in table 4 for the J = 051 2
transition of F-N and the J = 0 -] and 1-?2 transitions of FZZH. The

effect of the small nuclear quadrupole splitting in 7N was neglected in

comparison with the large Stark displacements.
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TABLE 2
GROUND STATE ROTATIONAL “ONSTANTS,
B, (Mc/s)
Molecule B, (Mc/s)
FCN 10,554.20 T 0. 02
rl3en . 10,547.30 1 0. 05
FoIoN '10,126.42 % 0. 05
Bty 5,743.061 1 0.03
315y 5,626.425 1 0,03
FCH 9,706.19F 0.01 -
v!3ccH ' 9,700.65 ¥ 0. 02
r2i3-n 9,373.94 ¥ 0.02
F2CD 8,736.04 T 0.c!
r3cen 8,733.92 ¥ 0.02
F=3en 8,486. 26 ¥ 0.02
~!n 3,092. 661 T 0.02
313 en 5,655.57 % 0.03
3516y 5,469.73 ¥ 0.03
HCGCN 4,549.06 1 0. 01
nsCs 4,221.58 ¥ 0.01
TABLE 3
ROTATION - VIBRATION “ONSTANTS .
a Mc/s q Mc/s DJ Xc/s
FON | 72 30,39 %01 . 19.35% 01 s.3% 0.5
FCH. .y, 2165 Y005 19.12 % 0.05 3.6 0.5
0/5 8.82 Y 0.05 '12.5'7‘59'.05
FLCD Y, - -24.56 £ 0.05 15.33%.0.05 2.6% 0.5
Js ~15.15 * 0.05 13.26 ¥ 0.05
HCCCN ), -1.73 % 0,02 2.56 % 0.02 0.56% 0.01
Je -9.24 % ¢c.02 3.57% 0,02
Vs -14.46 * 0. 02 6.54ftﬁoz’ s
DCCEN vy, -4.28% 0,05 2.63% 0,05
Ve -7.81% 0,05 *3.107% 0,05

V%]

-12.91 ¥ 0. 05

'5.79’: 0.05



TABLE 4
STARX EFFECT MEASTJRFMENTS
TCNJ 021

Ez x107% (v/cm)z 30,90 £5.84 123.60
DAY Me/s. M=0 9.21  26.3dv  37.54

42,171 6.05 rebye units
FICH I 152
g2 x107? (v/cm)z 50,09 78,27 153. 40
) M/ 3:M =0 -0.48 -0, 74 -1.56

M= 0.46 0. 6% 1.2
M =0.73 ! 0.03 Debye units
TABLE 5
MOLEZULAR PPOPERTIES
(A1l bond lengths in A)
D) coupling onstast of
nitrogen-14 (Mc/s)

H 1_063 o i.‘_..l,s_s N 3.00 _4,5gf 0.05
g 1.262 - 1.159 2.17 2.61F 0,05
c1 1631 - 1,159 2. 80 -3.63t 01
pe 11789 o 1158 *2.94 -3.33% 0,08
11994 - 1159 3.71 320t 001
g 20279, g 1198 5 1053 0.73 -
-1 1.637 o 1.204 Lo _1.055 H 0.44 -
H1:058 ~1.205 . 1.378 1.159 o, o -4.23% 0,05

. e

The'Stark eff_gcts' for these linear molecules -a.re of the expected second-
order type, and yield values gf 2.17 t 0.05 I and 0.73 * 0. 0>3 I for the
electric dipole moments of ¥7°N and ¥7CH respectively. The dis-
ag?'eement wit.h the value earlier reportedl for FON arises from an
error in calibration in the preliminary wor. No m easurements of

r

dipole moment by dielectric methods are available for these substances.

3
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Deutero-fluoroacetylene, FCCD, iz an unusual example of a molecule
in which deuterium is the only quadrupolar nucleus, and which has its
J = 0-51 transition in the 1 cm wavelength region. In view of the
resolul:ion14 of deuterium c}uadrupole splitting in C1TCCD an attempt was .
made to resolve such hyperfine structure in the J = (-1 line of FCCT at
low gas-pressures in the video spectrometer. No splitting could be
detected at a line-width of 150 kc/s at half intensity, and it was concluded
that the deuterium coupling is not marl:edly greater than in TIC7D, where
the splittings would be close to the resolution lirnit of our instruments.

In table 5 are listed the it;ternuclear distances (rs) determined by the isotopic
substitution method il'z"om well ‘.;nown formulae summarized Ey '.-’.faitchrpanw
With the data now reported, and existing measurementsl6, all atoms havg
now been located in this way, except fluorine and iodine, where isotopic
replacement is not normally possible. These atome have been located
from knowledge of the coordinates of all other atoms and of the centre of
gravity of the molecule, in the way recommended by ’:ostain3, ma'’ring

]

use of the observation that the relation , mx_ = 0is obeyed, where x_

is the substituion distance of an atom from the molecular mass centre.

Since the truth of this relation is further confirmed here for chlorine

cyanide and chloroacetylene, in which all atoms are located by substitution,
the belief that F and I atoms are accurately located by this means in

the related compounds is strongly supported. Also included in table 5

are the r - structure of bromine cyanide, entirely determinable from
previous worle, and the structure of hydrogen cyanide3, as well as data . B
on dipole moments and quadrupole coupling constants of qit_rogén. . "I:'hg .

r - structure of cyanoacetylenes,‘ determined from the <.iat.a of 'V-"e:'stenber"g“
and,Wilson”,_ is also includued for comparison. M'g-:asqrements'on ‘
carbon-13 and nitrogen-15 s'pecies of HCCTN and T;‘-'.ICQSN wére also

made during the present worlk; agreement with the findings of Westenberg

and Wilson was very close, and our measurements give the same r_-

Structure. In some instances, T, distances in these molecules can be
' -
computed independently in more than one way. In all such cases the

z
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agreement between values is very close, within 6 00) A; a mean was
taken in rounding the result to the nearest 0. 001 A.

The accuracy of the internuclear distances is at present difficult to
estimate absolutely. ’_"'costain3 has expressed the view that r. - distances,
obtained from displacements similar to most of those concerned here,
shovld be within 0.002 A of the equilibrium nuclear separations. Although
such a view may be sometimes optimistic, we have adopted it for a
general basis of discussion of our results, pai'tly because it is a'possible
degree of accuracy, and one superior to that of othe1; methods of estimating
these distances at the present time, and partly because any deficiencies
in the ro- method shc.:uld be less important when comparisons are made,
as here, between series of molecules of closely related geometry.

In fluorine cyanide and fluoroacetylene the carbon of the 7% bond is within
0.1 - 0.18 A of the molecular mass centre, and the corresponding carbon-
13 shifts, although accurately measured and stil‘l- in the range estimated

to be acceptabl'e3, are small. Hence it is these carbon atoms which, if any,
rmight be somewhat less accurately placed than in the general case.

Against this, it must be recordea that, when the location of the carbon

of the ZF bond is made independently in H-TF and "I CTF, the r -

distances are in very close agreement.

Tor fluoroacetylene, sqfficieﬁt forms were studied for a check to
be made2 by means ofA the 'Youble substituticn or "second difference"
method described by P.’ierceﬁi.- In this, the r - coordinate (rx) of an
a_tom X is obta'ir.xed for the original molecule, and again (rx,) for a species

: substi_tufq-;! with extra mass:. m at another atom, Y. The distance

(ry) of Y‘from the centre of gravity of the original species is then given
by (r, - rk_,)(M +Am)/ = m, M being the original molecular mass., If
¥ is well away from the mass centre, Tt T is accurately obtainable,

and T, may be computed. V'hen data for FCTH, FCCTD, F13’:CH and

F13CCD are used in this way to locate the carbon atom of the CF bond,
its ry is found as 0.1744 A, as against 0.1740 A from the direct isotopic
shift. This agreement thus lends support to the distances found in the

simpler way. If tfe "double substitution' coordinate is used for this
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atom in conjunction with r, coordinates for the remainder, fluorine
being located as already irdicated, the structure becom es ¥ =1.2304,
CC=1.197A, CH =1.053 A, hardly differing from that in table 5.
Fnough data are available to apply the second difference method to
locate all isotopically replaceable atoms in fluoroacetylene. The
present data, so applied, give the structure: CF¥ = 1,234 A, £7 21,203 4,
CH = 1.058 A‘ There is, however no proven disagreement with the -
tabulated T structure, smce it should be emphas1zed that the second .
d1fference method makes excentxonal demmds onethe accuracy of the
.-_rotational constants, or at least of thexr [isotopic sl'ufts. This is apparent
from the relanoqship menhoned,‘ through wbxch uncertainties in r, are
multiplied in ry by fhe 'rat'io (»V+ L .»m)/:,& m, here about 45. ¥ven with
the ver}'( s;mall uncértainties in Bo values given in table 2 for fluoroacetylene,
it still eme.rges f‘hat coordinates of all atoms located by second differences
-are uncertain by some t 0.005 A from possible errors in relative Bo values
alone Hence the usual r - structure is much to be preferred at
prelsent;. ‘the irnprobability of the structure derived above entirely by the
double stbsﬁtution method may be emphasised by noting that it would
have a morr;ent of inertia nearly 1% greater than the observed ground
state moment As high frequency studies permit continued refinement of
rotatlonal constants for the necessary isotopic forms, closer comparxson
of structures from the’ smgle_and the double gubshtu_t;on methods will be
possible. | .
R DISCU-.‘SSION
The CF distances measured here arc the first to. be determined for carI;on

atoms triply bonded te a second ligand; they are casily the shortest CF

_distances yet found, that in fluoracetylene being some 8% shorter than the

1.38 A Zound in methyl fluoride'® and cthyl fluoride!?, whils the CF in

L
fluorine cyanide is 9% shorter than the same value. In vinyl fluoridelo
and other substances containing the group -:-.CHFZI, the CF length (1.34! -

1.38A) is some 3% less than in alkyl fluorides. These percentage
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shortenings are close to those found for CCl bonds in the series: ethyl
chloridezz (1.788A), vinyl chloride23 (1.726A) and chloracetylene (1. 6374)
or chlorine cyanide (1.631A). The CCl in chloracetylene is some 0.005A
longer than the length previously reported24 from more restricted micro-
wave data which did not allow rs-distances to be computed. The new length
agrees closely with that in methyl chloracetyleneZS, as predicted by
Costain25 on the basis of the equality of the chlorine quadrupole couplings
in these two substances. o

A discussion of the nature of the ca;bon-h;lpgen. bonds in the'ée substéﬁces.
based purely on their lengths, can be given in varli.ousvter.ms , butis
inconclusive regarding the question of how much double-bond character is
involved. Shortenings expected on account of reduction of the carbon bond -
radius with increasing s-character in carbon bonding orbital.s26 are less
than those observed, provided constant halogen radii are assumed. Thus
the maximum shortenings due to changes in carbon radius which might
reasonably occuf are the changes in ''single" carbon-carbon bond lengths in
propane27 (1.526A}), 1:.»ropene28 (1.501A) and methyl acetylenezg (1.4584),
and even part of these shortenings can legitimately be regarded30 as due to
hyperconjugation. A more complicated situation is thus very pro.b'able
for the carbon-halogen bonds in these substances. . Explanaf:i'_on's which gio
not necessarily involve double-bond charalc(:ef x.night ascribe irﬁportant
cffec.ts to the présencg or a'.bsence of intefaqtiqns .bvetween non;bonded
atoms31 , or to 'variations in h;'brid’zation of orbitals in accordance with
»eleCtron'egativities of substii:uents,32 but quantitative discus.sion is difficult.
On the other hand, a model which gllows c‘onjugation effects to confer some
double-bond character on the shorter carbon-halogen bondsZ3'33’34
permits the ssimplest explanation of the results, and conforms with a
reasonable and widely held view. Pauling35 has emphasized that
such double~bond character would be especially favoured when, as in the
present linear molecules, two equivalentlpairs of’ll’-orbitzlstcg.n be used

by the atoms concerned. Accordingly we regard the CF bonds in f&uorine



-13 -

cyanide and fluoroacetylene as ‘possessing double bond character,
although quantitative esiimates are prcv‘ented by the difficuliies in
ascribing atomic radii. * A tendency of fluorine, as a first~-row element,
to form double bonds accords with general chemical experience, but in
the molecules under discussion th.: effects for fluorine are no greater
than those for chlorine. It is notable, ho\xv/cver, that the CF distance

in FCN is 0.017A shorter than in fluoroacetylene, while in the analogous
chlorine compounds the difference, though in the same directiomis

only 0. 006A.

. The ':stretching force constant for the CF bond in FCIN was determined
by Dodd and’ Littlc36, and that for'CF>in fluoroacetylene by Brown and
Tyler -. Similar treatments for fluo:oa}cétylene and other halogenated
acetylenes were given by f{unt and.'Wils'on3Sx. These carbon~halogen
force constants are all rnuch hig.her than in- corresponding alkyl halides
and are to be 'correlated with them through concepts similar t<‘) those
mentioned in discussing the bond-lengths.

The naturce cf the CX bonding in the XZN series should be reflected
in properties of the TN linkage and in the nuclear quadrupole coupling
of the nitrogen-14 atom. In ¥CN this coupling is the smallest yet found
lor 2 cyanide group, being only some 58%; of than in HCN. The nitrogen
couplings decreasehas we move along the J{CN series in the ord_er .
X =H, 1, Br, Cl, F (Table £). This is ir agreement with the suggestion
of Townes and A_VT,‘ailey, and'others3?, th;:.t.states é.ontai.nihé.s’—' N, with
.10w c]uadrupole'coupling, increa‘se in importance in the same X sequence.
In early work40, this sequence was also believed to be accompanied by
a small steady increase in CON lengih, but the preSen.t results show that
the, substitution CN distance is very closc to 1.15¢CA in all the halogen
cyanides, though this is probably slightly longer than the value in HCM.

~

Thus, while CN lengths suggest that states containing 2= N are
somewhat mcre important in the halogen cyanides than in HCN, they give

no indication of a variation within the halogen cvanides themselves.
.



are made from the changes in the ground-state moments of inertia caused by
isotopic substitution at each atom. We have now obtained enough data to
apply these methods in the fullest poseible way to fluorine cyanide, chlorine
cyanide and iodine cyanide, and also chloro- and fluoroacetylene. Special
considerations arising from the lack of a second isotope of fluorine, and
occasionally from ‘he smallness of certain isotopic shifts, have been made
in ways indicated in earlier treatments™’
In addition, we have measured the electric dipole moments of fluorine
cyanide and fluoroacetylene from the Starx effects in their spectra, and
the nuclear quadrupole coupling constant of nitrogen~14 in fluorine cyanide.
Rotation spectra of these two molecules, and of cyanoacetylene, in
excited levels of degenerate vibrational modes, have also been analyeed,
We believe that the results of these measurements allow as accurate
a comparison as is possible at present between the structures of these

molecules.

FXPERIMENTAL

MATERIALS

Initial work on fluorine cyanide was carried out with impure samples
in which this substance was first detected by infra-red spectroscopys.
Fawcett and Lipscomb6 have described the preparation of pure fluorine
cyanide by the pyrolysis of cyanuric trifluoriile at 1200°C in a carbon
tube packed with carbon chips. Ve have found that fluorine cyanide
is produced in good yield by passing the vapour of cyanuric trifluoride
over a white hot platinum spiral, followed by vacuum fractionations
monitored by infra-red spectra. The samples used were sufficiently
pure for ready observation of the spectra of V”’:N and F=15 N in their
natural abundances.

The preparation of fluoroacetylene followed that of Middleton and
Sharkey7. Ceutero-fluoroacetylene was obtained by direct exchange
with alkaline deuterium oxide. Infra--r\e‘d analysis of both samples showed

Y

that they were virtually pure. |
-] .




9, and chloroacetylenelo were

Chlorine cyanidea, iodine cyanide
prepared by standard rtfethods. Zyanoacetylene was obtained by the
dehydration of propiolic amide with phosphorus pem:oxidell ,and a
portion deuterated by exchange with deuterium oxide.

SPECTROSCOPIC ME THODS

Absorption frequencies were measured in a spectrometer employing
Stark effect modulation at 100 kc/s, of eseentially conventional design
to be briefly described els ewherelz. Tor highest resolution of stronger
absorptions, and for work above 45,000 Mc/s, a simple video spectrometer13
was used. The absorption cells were cocled t? -78°7 for all studies
except those of iodine cyanide. The spectra of all the species containing
carbon-13 or nitrogen-15 were measured at the natural concentrations
of these isotopes. Stark effect displacements were measured in the usual
way by addition of a d.c. potential to the modulation, the electric field
in the cell being calibrated from Stark displacements measured under
the same conditions for the J = 1 *2 transition of carbon oxysulphide, for
which the dipole moment was taken aes 0.7124D.

RESULTS.
Measured frequencies, with thier assignments, are listed in table 1.

TABLF 1. MEASURED "REQOUENCIES (Mc/s)

Fluorine Tyanide

Transition Transition
be
F1“’314N J2 23 v=0

Je->1 v=0

Fl -1 21107.71 T2 |
Fl -2 21108. 50 w2 %3 {‘ 63324, 60
Fl-»0 21109. 69 ¥3-74 '

°

J1=2 v=0
F2 -2 | vel, =41 63447.99
Fo~1) & 42215.86 (V) 63567. 06
Fim2y 42216. 64 1314
F2-93 : F o Ne ®
F2->1 - e JO=1 v=0
F1-1 °42217.94 F152 o 21095.71

pl2-150

JO71 v=0 20372.32



Ky

1o

‘o

-4 -
.
z &
“~hlorine ~yanide ® -
Transition 312 My Boyiza18y 3T 12 My 3Tnl2- 1y
323 :
Fi933/2, 3/2»5/2 35820. 93 34434, 32 35080.32 33755.32
F5/2-51/2, 1/279/2  35825.77 34429.21 | 35024.14 33759.1¢
ledine Zyanide
Trangition
1435 127,12 14y 127,12,15 ¢
¥9/2 <11/2 32243.41 30%19.59
¥13/2315/2 32263.32 . 3039. 63
®11/2 313/2 32278.36 30%49. 90
Fluoroacetylene
Transition FTCH FooRD
JO31 v=0 19412. 37 17472. 03
J192 v=0 38724. 64 34944. 07
vel, e=t1(J,) | 38834.69 i 34978.02
' 38384.96 { 35031.04
v=1, a=f1(>)4) [ 33396.94 { 35011.51
i 39973.41 | 35072.82
J394 v=0 77648. 58 698837. 66
o wl3roy wl13arp °
JOo»1 v=0 19401.12 17467. 82
J192 v=0 38802.53 34935. 56
reld-y reldan
Josl v=0 13747. 94 -
J1-v2 v=0 37495. 67 . 33;44.93
~Zhloroacetylene
Transition Begon Bo-Pow 3513~y
J233
F 71/239/2, 5/2>1/2 34106.09 32819.35 33934.10
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_ Cyanoacetylene
Transition Transition
HCZCN vel, 2="-1
JO0=1 v=0 (¥ 7)(cont)
Fl-1 9097. 09 F 252 -
F1-32 9093, 36
F 10 9100. 32 F 33 27399. 69
p 9145. 82 23 27400. 37
5_ . 9154. 88 r152 3
v=2,0=0¢ . 27400. 74
(/0% Lose.o9 F 34 )
72353 v=0 F 292 -
F 393 27292.94 27436, 63
ri1-2 27294.06 v=21=0"12 ( 27466. 42
F 2537 ) 27467.73
P 27294.33
F 3242 3374 v=0
252 27296. 20 F 44 36390. 89
4+ (27297.18 ¥ 45
v=1l,4¢= -l.)
(Vg)  L27312.47 ERLEE 36392. 36
v=l,.e=f1§?‘7339’13 w293
(ye) [ 27360. 47 ™33 36394. 18
v=1,¢0=" v=1,0=%1 | 36395.91
. | j
()7) (:'5) 36416. 51
F 353 27360. 47 v=1,¢0="%1 36452. 08
v . . i
23 27361.12 (Ve { 364%0.63°
El-2 * , '
v 3736151 o
F.354 - . &
J=3~-»4{Contd.y - T T T
v=1,10=%1 ) J7-°8 v=0 72783.79
(V) © v=l,0:=11 { 72790. 50
@
F 454 . (Vg) - 72831. 45
+
F 354 36481. 72 v=1l, =21 | 72902.44 ® o
, (7)) ¢
F455 ) e 6 72960. 43
FAN! 36481.%8 +
F253 ) v=1, =21 72962.63 ®
r 323 36483, 28 (q) 73067. 27
~ontd. ..



Zyanoacetylene (Zontinued)

T =34, (Contd.)

VT 2= 51 (1) J9S10 v=0 90979. 05
F 434 36532. 94 ve=l,2:=%1 ¢ 90987.30
F 3 %4 36534, 04 (V) { 91038.60
F 495 ) v=1,1=%1 | 91128.48
F253 ) 3683817 (/¢ { 91200. 03
F 353 36535, 54 v=l,¢=11 {91202, 64
36532.17 (/q) 1 g1332.15

36533. 69 NCCON
v =2,0=052(36622.25 7394 v=0 33772.56
) {sesessr v=1,0:=% 33796, 0
(/) | 33817.54
v=3,0=71/36684.90 vel,e=11 . 33822.62
(/70 (36789.99 (/¢ | 33847.40
v= 3, z=f3¢{36737.14 v=1, ¢="1 33852, 65
(yy) | 36738. 32 (sq) 1 33893.97
v=2,0=0"2 33979.29

(/9

The estimated experimental uncertainties are * 0.1 Mc/s, except for
lines of rere isotopic species, where the errors may reach twice this.
Table 2 gives the derived rotational constants for the ground states,
while the centrifugal distortion con’sfants, D:I .‘ are liste‘d in Table 3, with
vaiues- of the constants a, representing the .e'ffects‘; of va'x_'iq:xs vibrational
q.uanta‘on the rota_tional. .cons.tant B, and the corresponding {-type
doﬁb}iﬁg constants., g. TWor the assignments given, the line-frequencies
calculated from these cgnstants agree with observation within ﬂ.le error
of measurement in virtually all cases. Relative intensities were in
agreement with the assignments.

Stark effect displacements are summarised in table 4 for the J = 051
transition of FZN and the J = 0 -1 and 1-22 transitions of FZZH. The

effect of the small nuclear quadrupole splitting in ¥~ N was neglected in

comparison with the large Stark displacemecnts.



Molecule

HCCCN

DCCCN

L)

Ys

. -27. 65
T .8.82

- -24.56

TABLE 2

TABLE 3

a Mc/s

+

-30.39 - 0.1

14

0.05

Vv

0.05

(K ]

0.05

14

-15.15 T 0.05

1+

-1.713% 0,02
-9.24 ¥ c.02
-14.46 Y 0,02
-4.28 1 0,05
-7.81% 0,05

-12.91 ¥ 0,05

"12.57

B, (Mc/s)

10,554.20 ¥ 0. 02
10,547.30 ¥ 0. 05

+

10,126.42 ¥ 0.

+

5,748.061 T 0.
5,626.425 ¥ 0.03
9,706.19 % 0. 01
9,700.65 % 0. 02
9,373.94 T 0. 02
8,736.04 ¥ 0.}

8,733.921. 0.02

3,082.661 T

5,655.57 * 0.03
5,469.7% * 0.03

+
4,549.06 - 0.01

ROTATION - VIBRATION ~ONSTANTS

q Mc/s
19.35 T 0.1

19.12 Y 0,05

©

(B

0.05

14

15.33 -.0.05

14

13.26 - 0.05

2.56 ¥ 0.02
3.57 Y 0.02
6.54 T ®oz

. °
2.63t0.05
x3.10% 0,05

#5.79 ¥ 0.05

.26 % 0.02

0.02

52t o o

GROUND STATE ROTATIONAL 7JONSTANTS,
Bo' (Mc/s)

T.‘.J %c/s
s.3% 0.5
3.6 1 0.5

2.6 0.5

0.56 ¥ 0.01



TABLE 4
STARX EFFECT MEASYRFMENTS
FCN J 021
2 -4 2
E x10  {v/cm) 30,90 £5.84 123.60

DAY Me/s M=0 9.21.  26.3¢v  37.54

" Ab= 2,17 * 0.05 Tebye units

- 2 . .
EZ x 10 4 (v/cm) 50,09 78,27 153.40
7/
M=0 -0.48 -0.74 -1.56
AJ) Mc/s 3,
- M= 0.46 0.6% 1.22
MMo=0.73 ' 0. 03 Debye units
7
TABLE 5
MOLETULAR PPOPERTIES
(All bond lengths in A)
Nuclear quadrupole
',AHD! coupling constant of
nitrogen-14 (Mc/s)
g 1:063 . 1.155 3.00 -4.53% 0. 05
g l:262 - 1.159 2.17 2.61 ¥ 0.05
Cl __1_36?_1 o 1_'152 N 2.80 3,63 t 0.1
1,158
pr 1789 o %8y £ 2.94 -3.83 ¥ 0. 08
IM}-- i «11-1~5-—?-N 3.71 -3.20 M 0.1
F_‘I_Z_Z‘) o _.1.,'.198 I L_O_?} H 0.73 -
~ 1.637 o 1.204 3 1.055 H 0. 44 - .
o008 £ 1.205 1378 (1. 159 ¢ g ¢ - -4.28% 0,05

¢ . e

The'Stark effgcté for these linear molecules ‘are of the expectéd second-
order type, and vield values gi 2.17 M 0.05 T and 0.73 * 0. 0A3 D for the
electric dipole moments of ¥N and ¥7CH respectively. The dig-
ag?feement wizh the value earlier reportedl for FON arises from an
error in calibration in the preliminary worx. Nom eisurementa of

dipole moment by dielectric methods are available for these substances.

=
2



Deutero-fluoroacetylene, FZCD, iz an unusual example of a molecnule
in which deuterium is the only quadrupolar nucleus, and which has its
J = 0-31 transition in the 1 cm wavelength region. In view of the
resolutionM of deuterium cjuadrupole splitting in CI1ZCD an attempt was
made to resolve such hyperfine structure in the J = ¢-=1 line of FCCT at
low gas-pressures in the video spectrometer. No splitting could be
detccted at a line-width of 150 kc/s at half intensity, and it was concluded
that the deuterium coupling is not marl:edly greater than in TICTD, where
the splittings would be close to the resolution liinit of our instruments.

In table 5 are listed the ir;ternuclear distances (rs) determined by the isotopic
substitution method f.xlom well ‘.‘mown formulae summarized by ";’.x“aitc»hmanw.
With the data now reported, and existing measurementsl6, all atoms havg
now been located in this way, except fluorine and iodine, where isotopic
replacement is not normally possible. These atome have been located
from knowledge of the coordinates of all other atoms and of the centre of
gravity of the molecule, in the way recommended by ’:ostain3, ma-ing

- 7
use of the observation that the relation  mx_ = 0 is obeyed, where x

is the substituion distance of an atom from the molecular mass centre.

Since the truth of this relation is further confirmed here for chlorine

cyanide and chloroacetylene, in which all atoms are located by substitution,
the belief that F and I atomns are accurately located by this means in

the related compounds is strongly supported. Also included in table 5

are the r - structure of bromine cyanide, entirely determinable from
previous work16, and the structure of hydrogen cyanide3, as well ag data . B
on dipole moments and quadrupole coupling constants of qit_rog‘én. ) .']:.‘hg

r - structure of cyanoacetylenes,' detérmined from the aaéa of '.Wej'stenber'g“
and_Wilson”,_ i's.'also includoed fo'r‘ comparison." M:easqrements'on A
carbon-13 and nitregen-15 s.pecies of HCZ7N and L;CCQSN wére also

made during the present worle; agreement with the findings of Westenberg

and Wilson was very close, and our measurements give the same r_-

g

s.tructure. In some instances, .- distances in these molecules can be
’ -
computed independently in more than one way. In all such cases the

2
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agreement between values is very close, within 6 001 A; a mean was
taken in rounding the result to the nearest 0.001 A.

The accuracy of the internuclear distances is at present difficult to
estimate absolutely. Costain3 has expressed the view that r_- distances,
obtained from disnlacements similar to most of those concerned here,
shovld be within 0.002 A of the equilibrium nuclear separations. Although
such a view may be sometimes optimistic, we have adopted it for a
general basis of discussion of our results, pai'tly because it is a possible
degree of accuracy, and one superior to that of othe1; methods of estimating
these distances at the present time, and partly because any deficiencies
in the L method shéuld be less important when comparisons are made,
as here, between series of molecules of closely related geometry.

In fluorine cyanide and fluoroacetylene the carbon of the =T bond is within
0.1 - 0.18 A of the molecular mass centre, and the correéponding carbon-
13 shifts, although accurately measured and still. in the range estimated

to be acceptabl'e3, are small. Hence it is these carbon atoms which, if any,
might be somewhat less accurately placed than in the general case.

Against this, it must be recordea that, when the location of the carbon

of the ZF bond is made independently in H7ZF and 2ZCF, the r -

distances are in very close agreement.

Tor fluoroacetylene, sqfficient forms were studied for a check to
be madc-:2 by means of the 'double substituticn' or "second difference"
method described by 1.=’ierce4.‘ In this, the r_- coordinate (rx) of an
;tom Xis obta.ir.xed for the original molecule, and again (rx') for a species

:substi'tut'e_-_d with extra mass: m at another atom, Y. The distance
(ry) of Y from the centre of gravity of the original species is then given
by (r, - rk_,)(M +21m)/ ~ m, M being the original molecular mass. If

¥ is well away from the mass centre, r, - Ty, is accurately obtainable,

and ry may be computed. V'hen data for FCTH, FCCT, F13’3CH and
F13CCD are used in this way to locate the carbon atom of the CF bond,

its Ty is found as 0.1744 A, as against 0.1740 A from the direct isotopic
shift. This agreement thus lends support to the distances found in the

simpler way. If tHe ""double substitution' coordinate is used for this
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atom in conjunction with re coordinates for the remainder, fluorine

being located as already irndicated, the structure becgmes IF =1,2304,

CC =1,197 A, CH = 1,053 A, hardly differing from that in table 5.

Fnough data are available to apply the second difference method to

locate all isotopicaily replaceable atoms in fluoroacetylene. The

present data, so applied, give the structure; CX = 1.284 A, £ =1.203 A,

CH = 1,058 Ai. There is, howavgrv, no proven disagreement with the ®

tabulated T, structuref sin?:e it should b.e empha;sized that the second .

differen'ce method makes e;ccept{onal dermnands or?the éccmxréqy of the
'-rota'ti.ona.l constants, or at least of the:ir,isotopic ishif't's; .T‘his is apparent

from.thé relé.tion.sl_i.i;.) rﬁéﬁtionea; through which uncertainties in r, are
_multiplied in r, by the .rati'.o (;\/+ S i-m)/«,& m, here about 45. Even with

the very s.mall uncelrta%nties inB, values given in table 2 for fluoroacetylene,

it stil_lAeme‘rges éhat coordinates of all atoms located by second differences
-are uncertain by some * 0.005 A from possible errors in relative Bo values

alone. Hence the usual r - structure is much to be preferred at

pre.:sent;. ‘the irnprobability of the structure derived above entirely by the

double sibsﬁtution method may be emaphasised by noting that it would

have a morr;ent of inertia nearly 1% greater than the observed ground

state morr?ent. A s.‘h.i'gh frequency studies permit c§ntinued refinement of

rotationa.l constants for thé"nec.esqary_isotopic forms, closer cor.npérison‘

of structures from the'si.rigle.and the a‘éﬁbl'e _substitl{t?on methods will be

possible. | .

R DISCU-‘E»SION
The C¥F disﬁmces measured here arc the first to- be determined for carl;on

atoms triply bonded te a second ligand; they are easily the shortest CF

_distances yet found, that in fluoracetylene being some 89 shorter than the

1.38 A found in methyl fluoride!® and cthyl fluoride!?, while the CF in
[™
fluorine cyanide is 9% shorter than the same value. In vinyl ﬂuoridezo
2
and other substances containing the group =CHF"1, the CF length (1.342 -

1.38A) is some 3% less than in alkyl fluorides. These percentage
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shortenings are close to those found for CCl bonds in the series: ethyl
chloride?'2 (1.7884), vinyl chloride23 (1.726A) and chloracetylene (1. 637A)
or chlorine cyanide (1. 631A). The CCl in chloracetylene is some 0. 005A
longer than the length previously reported24 from more restricted micro-
wave data which did not allow rs-distances to be comguted. The new length
agrees closely with that in methyl chloracetylenezs, as predicted by
Cos:l:ain25 on the basis of the equality of the chlorine quadrupole couplings
in these two substances. o

A discussion of the nature of the carbon-h:a.llpgen. bonds in these substances,
based purely on their lengths, can be given in varvilous-ter.ms , but is
inconclusive regarding the question of how much double-bond character is
involved. Shortenings expected on account of reduction of the carbon bond -
radius with increasing s-character in carbon bonding orbit:alsa6 are less
than those observed, provided constant halogen radii are assumed. Thus
the maximum shortenings due to changes in carbon radius which might
reasonably occuf are the changes in "'single" carbon-carbon bond lengths in

27
(1.526A), propene28 (1.501A) and methyl acetylenezg (1.4584),

propane
and even part of these shortenings can legitimately be regarded30 as due to
hyperconjugation. A more complicated situation is thus very pro‘b'able
for the carbon-halogen bonds in these substances. . Explanat':i'_cm's which do
not necessari;y involve double-bond charalct;ei' ;night ascribe irﬁportant
cffec'ts to the présencg or a...bsence of intefac_tio,ns .b_etween non;bonded
atoms31 , or to 'variations in h}'rbrid’zation of orbitals in accordance with
electronegativities of s:ubstituents,32 but quantitative discusAsion is difficult.
On the other hand, a model which gllows c‘onjugation effects to confer some
double-bond character on the shorter carbon-halogen bonc]saZ?":":"?’4
permits the fimplest explanation of the results, and conforms with a
reasonable and widely held view. Pauling35 has emphasized that
such double~bond character would be especially favoured when, as in the
x

*
present linear molecules, two equivalent pairs of Tl-orbitals c:n be used

by the atoms concerned. Accordingly we regard the CF bonds in fluorine
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cyanide and fluoroacetylene as ‘possessing double bond character,
although quantitative esiimates are prevented by the difficuliies in
ascribing atomiec radii. © A tendency of fluorine, as a first-row element,
to form double bonds accords with general chemical expericnce, but in
the molecules undzr discussion the effects for fluorine are no greater
than those for chlorine. It is notalle, ho“‘/over, that the CF distance

in FCNM is 0.017A shorter ihan in fluoroacetylene, while in the analogous
chlorine compounds the difference, though in the same direction.is

ounly 0.006A.

¥

The stretching force constant for the CF bond in FCIN was determined

by Dodd and Litt:le36, aad that for CF in fluoroacetylene by Brown and
Tyler ~. Similar treatments for fiuo:oz_xcéty]ene and other halogenated
acetylenes were given by ﬁunt and"Wils’onss-. These carbon-halogen
force constants are all yrnuch higher thaﬁ in. corresponding alkyl halides
and are to be .correlated with themn through concepts similar to those
mentioned in discussirg the bond-lengths.

The nature cf the C¥ bonding in the XIN series should ke reflected
in properties of the TN linkage and in the nuclear quadrupole coupling
of the nitrogen-14 atom. In ¥CN this coupling is the smallest yet found
lor a cyanide group, being only some 589% of than in HCN. The nitrogen
couplings decrease ”as we move along the XXCN series in the ord;r ‘
X =H, 1, Br, Cl, ¥ (Table £). This is in agreement with the saggestion
of Townes_ a.nd‘IIJail,ey, and othersBC_”, th;:.t;si,ates é.ontailnihé.;‘: -, with
iow c}uadrupolefoupling, increa‘se in importance in the same X sequence.
In early wor‘._<40, thic sequence was also bel.ieveé to be accompanied by
a small steady increase in TN lengih, but the pl‘esen:t results show that
the subgstitution CN distance is very closc to 1. 1504 in all the halogen
cyanides, though this is probahly slightly longer than the value in HCN.
Thus, while CN lengths suggest that states containing 2N are
somewhat mere important in the halogen c¢yarides than in HCN, they give

no indication of a variation within the halogen cyanides themselves.
.
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30
It has beun stresced, however,J , that the «ffect of states such as those

containing =N on the lengths of what are formally triple bonds would
be very small, and could be macked by other influences.

In particular, the TN distances skow no change parallelling the
large diminution in quadrupole coupling of the nitrogen in passing from
CICN to ¥CN. Hence the CN honrds in the halogen cyanides, while
possessing the same substitution internuclear disiances, have
demon strably different electronic distributions, as indicated by the
quadrupole counlings. This is as ¢lcar a demonstration as present
methods allow that bonds of equal length arc not necessarily equal in
their other properties.
¥ The CN-s.trctching {drce constants in the NIN series38 are all

very similar, and can probably not at prescent be used with sufficient

precision to cheec's deductions made from the other data.

Probably the best general description of the structurces of the
. - . X - . 41
halngen cyanides is one based on the views of Casabella and Bray
who used also the evidence of the halogen quadrupole coupling data.
- . . _ + -
Three main states arc regarded as present, X—CZEN, X z== C=N

. +
and X T = N, of which the last two are both believed to increase

in importance in the sequence X = 1, Br, Cl, ¥. From ifigurcs given
by Casabella and Bray, it would be reasonable to suppose that TCD
coniains contributions of somo 10.-20% of botn these last two forms.

The contribution of the second state accounts qualitatively for the

dependence of nitrogen coupling on the nature of X, while the constancy

'

of the GIY distance might arise from parallel changes in contributions

of X+‘_”.' C N and X~ C+£N, the first of which favours lengthening

of the CN bond, and the sccond its shortening through the effect of the
positive charge on the carbon radius. The experimental data at present
do not justify postulaiion of forms containing C= N+ as suggested hy
Dodd and Little36: having incompleie octets, these woull be of little

importance.



When CC honds are compared similarly inithe XZCH series, a
slightly different iituation is found. The CZ bond in C1GCH has a
substitution length equal to the 1.2044 found in acetylene itse1f42;
rather than the l 211A reported earlier24. £ ccordingly, a lengthening
such as vccurs in the TN bond on pvascsing from HTN to CICN does
not appear in comparing ZC bonds in. HCCH and T1CCH, while in
FCCH the CC bond is prob\‘?.bl'gr shorter than that in acetylene by some
0.0045A. This pa¥alle's a shortening of the C =¢C bond in olefins43
ag they are increasingly substitutcd by fluorine. The effects are
possibly due in part o an increasing contribution of X -- C+: CH
along the sequence ‘( =H, Cl, ¥, a shrinkage of 27 due to this form
being herc noi cancelled eniirely by accompanving contributions of forms
such as X—I:'—: C - CTH though these probably occur. The cffects are
small, howcever, and, as Duchesne has emphasiued44, other factors
such as hybridization cculd be significant. The CZ-stretching
force cons‘ta.nts38 are here also very similar il; all the XCACI.-I series,
and cannot at present be used to decide amono aiternatiyc interpretations.

The electric dipole moments of the XON and X7TCH series
{Table 5) conform in general with intecroretations of structure
indicated above. The moments of FCN and FCCH fit well with
expectations from the trends in moments of the other members of the
series, that for FCN being the smallest and that for FCCY the largest
in their respeciive families. Deyond reasonablc doubt, the negative
poles of the dipoles are direcied towards nitrogen in XCN and towards
X in XCCH. The strikingly small momats of FZCH and CICCH,
coupled with the zero moment of BrCCH45, sttggest strongly cffects
similar to those already favoured by other evidence, although again
the relative importance of different effecis on the dipole moment cannot
be absolutely decided.

In the course of this work we made37 the {irst authentic specimens

of iodoacetylene and iodoacetylenc-d, and &haractcrizcd them by mass-

»
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and infra-red spectra. Careful attempts, using intense Stark fields, have
so far failed to detect a microwave spectrum of iodoacetylene, which
strongly suggests that its dipole moment, lf<e that of BrCCH, is less
than some 0. (fl.D. Stark modulation of the grourd state spectrum would
then require very large fields indced in such semolccule, but the £-
type doublet spectra of the reasonahly well populated vibrational states
should be more casily modulated, and have not been detected.

'The cenirifugal distortion and vibration-rotation interaction constants
in Table 3 are worth brief comment,  The newly determined distortion
con's Lantk: ]“J have the ord.;;rs of magnitude expected from considerations

of atomic masscs and force fields involved. Thus D for cyano-

J
46
acctylene is aboul the same as thosc found for diacetylens — and
47 : &
cyanogen . Zalculrtions of Oy for FCN from vibrational data 8 at

present yicld a value somewhat lower than that tabulated, although more

recent measurements in the millimetre wavelength range made in this
4 : + .
laboratory ? give a refinced value of DT for FCN as 4.91 < 0,02 kc/s,

and confirm the tabulated constant for HCCO TN to higher accuracy.?
The constants ¢ and q in Table 3 follow patterns consistent with

expectations from data in rclated molecules.  The values of q accord

approximately with the rule q = aE‘-o {w = vikration frequcncy), the
-

factor a having valucs between 2 and 2. 6. On the assumption that

2 rctains its same valuc for a given vibratica, we may use the constants

q for cyanoacetylene and the known values ,15, ;"')6 and 7 for

* - ~1
HCCCN to estimate the frequencies for DCCCN as 546 cm 1, 498 cm

and 224 cmhl, as compared with 663 cm”l, 502 cmml and 230 cm-l for
HCCQ! 50.

In the J = 3 7 4 transition of HCCCN spectra due to molecules in
the v+ 1, v = 2 and v = 3 levels of the lowest mode ( -"7) were measured.
The coupling constant of nitrogcn in the v = 1 state was virtually ghe

same as in the ground state. The fine structure of the v = £ = 2 and

v = { = 3 lines (Table 1) is noticeable, and the presence of intense



I

spectra for moiecules in sush levels in cyanoacotylenc may justify
a closer study later.
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