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The rotational spectrum of l-isocyanoprop-2-yne, H C s C C H 2 N C , has been measured in the 
vibrational ground state by microwave Fourier transform spectroscopy from 5 to 26.5 GHz. The 
nuclear quadrupole hyperfine splittings due to 14N have been analysed to obtain the coupling 
constants *aa = 290.3(78) kHz, xbb = 10.6(80) kHz and -300.9(80) kHz. 

I. Introduction 

l - Isocyanoprop-2-yne, commonly and in the fol-
lowing called propargyl- isocyanide, has first been pre-
pared by Zwikker and Stephany [1] according to the 
method of Schuster et al. [2]. The microwave spectrum 
of propargyl-isocyanide has recently been assigned by 
M c N a u g h t o n et al. [3], who reported the ro ta t ional 
constants, four quar t ic centrifugal distort ion parame-
ters according to Watson 's S-reduced asymmetr ic 
ro tor hamil tonian [4], and the dipole m o m e n t com-
ponents along the a and b principal axes of inertia. 
M c N a u g h t o n et al. could not resolve any splittings 
due to 1 4 N nuclear quadrupo le coupling. 

The coupling constants of isocyanides are k n o w n to 
be small in compar i son with other ni t rogen-contain-
ing compounds such as the isomeric cyanides. We are 
interested in the resolution of the 1 4 N hyperfine struc-
ture in the spectra of isocyanides to provide a system-
atic experimental basis for a better unders tanding of 
the local electronic envi ronment of the ni t rogen nu-
cleus (for a listing of quadrupo le coupling da t a of 
isocyanides, see Table 4). 

Recent studies on ab-initio calculations of ni t rogen 
quadrupole coupling cons tants via the electric field 
gradient [5 -8 ] have shown that a meaningful compar -
ison of experimental and ab-initio values can be made 
by a) using large basis sets of high local quali ty [7 -8 ] 
or by b) employing a scaling factor for a given hy-
bridization of the ni t rogen a t o m [6], A me thod similar 
to the latter would in t roduce scaling factors not only 
for a given hybridizat ion but also for a single func-
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tional g roup X, in this case with X equal to N C . This 
method 's main disadvantage would be its requirement 
of a larger number of experimental and ab-initio val-
ues for any such functional group. 

S tandard cw-microwave techniques [9] do no t 
provide the resolution required to observe the hyper-
fine structure (hfs) in the rota t ional spectra of most 
isocyanides. With the waveguide microwave Four ie r 
t ransform ( M W F T ) spectrometers in our l abora tory 
[10] we were able to resolve the hfs of propargyl-iso-
cyanide. 

II. Experimental 

Propargyl-isocyanide was prepared according to 
the method of M c N a u g h t o n et al. [3]. The identity of 
the compound was confirmed by ' H - N M R spectros-
copy [1], 

The microwave spectrum was recorded with wave-
guide M W F T spectrometers in the J- and K - b a n d 
(5.0 to 8.0 G H z and 18.0 to 26.5 G H z , respectively) 
[11,12], The cell temperature was — 45 °C and the 
sample pressure was a round 0.1 P a (0.8 mTorr). 

The splittings were refined by a line shape analysis 
[13] performed on the time domain signal to minimize 
line overlap effects on the t ransi t ion frequencies ob-
tained after Fourier t ransformat ion. 

III. Results and Discussion 

The experimental transit ion frequencies are given in 
Table 1, as well as the calculated values, deviations, 
and theoretical intensities of the hyperfine compo-
nents. Where a splitting of componen ts with compara -
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Table 1. Rotational transitions of propargyl-isocyanide, 
HC = CCH2NC. J, K_, K + , F\ Rotational transition and 
hpyerfine component quantum numbers, vunsplit: Hypothet-
ical center frequency (MHz), calculated from observed com-
ponents, Jvobs , Avc: Observed and calculated difference from 
center frequency (kHz), 6: Observed minus calculated fre-
quency (kHz), Ic: Theoretical relative intensities of the hyper-
fine components. Two unsplit transitions used for centrifugal 
distortion analysis are listed as well. 

J' K'_ + - J F *-F ^unsplit ^ V o b s Avc <5 Ic 

1 0 1 0 0 0 0 1 5 7 8 9 . 0 8 1 - 1 4 7 - 1 4 5 - 2 0 . 2 0 

1 1 7 2 7 3 - 1 0 . 6 0 

2 1 - 1 4 - 1 5 1 1.00 
1 1 1 2 0 2 0 1 5 8 7 8 . 5 6 8 7 1 6 8 3 0 . 2 4 

1 1 7 1 7 6 - 5 0 . 1 8 

1 2 - 7 1 - 7 1 0 0 . 5 4 

2 2 - 7 1 - 7 4 3 0 . 1 8 

2 3 2 0 2 0 0 1.00 
2 1 1 2 0 2 1 1 1 8 1 7 7 . 1 2 9 7 5 7 6 - 1 0 . 3 6 

2 2 - 7 5 - 7 6 1 0 . 5 6 

2 3 2 1 1 8 3 0 . 1 3 

3 3 2 1 2 2 - 1 1.00 
3 1 2 3 0 3 2 2 1 8 7 3 6 . 2 2 5 3 1 4 7 - 1 6 0 . 5 3 

3 3 - 6 8 . - 5 9 - 9 0 . 7 2 

4 4 3 1 2 0 1 1 1.00 
4 1 3 4 0 4 3 3 1 9 5 0 0 . 7 1 3 2 6 3 8 - 1 2 0 . 6 2 

4 4 - 5 0 - 5 3 3 0 . 7 8 

5 5 2 6 1 9 7 1.00 
5 1 4 5 0 5 4 4 2 0 4 8 6 . 5 5 9 2 5 3 4 - 9 0 . 6 8 

5 5 - 4 8 - 5 1 3 0 . 8 2 

6 6 2 5 1 9 6 1.00 
5 1 4 5 1 5 4 4 5 3 9 8 . 7 1 9 3 8 5 2 - 1 4 0 . 6 8 

5 5 - 7 5 - 7 8 3 0 . 8 2 

6 6 3 8 3 0 8 1.00 
6 1 5 6 0 6 5 5 2 1 7 1 3 . 0 7 7 2 5 3 2 - 7 0 . 7 3 

6 6 - 5 2 - 5 0 - 2 0 . 8 4 

7 7 2 5 2 0 5 1.00 
6 1 5 6 1 6 5 5 7 5 5 5 . 2 4 2 3 9 5 0 - 1 1 0 . 7 3 

6 6 - 7 6 - 7 8 2 0 . 8 4 

7 7 3 9 3 1 8 1.00 
7 1 6 7 0 7 6 6 2 3 2 0 2 . 2 6 5 2 6 3 1 - 5 0 . 7 6 

7 7 - 5 4 - 5 1 - 3 0 . 8 7 

• 8 8 2 6 2 1 5 1.00 
8 1 7 8 0 8 7 7 2 4 9 7 7 . 7 8 1 2 6 3 1 - 5 0 . 7 9 

8 8 - 5 2 - 5 2 0 0 . 8 8 

9 9 2 6 2 2 4 1.00 
4 0 4 3 1 3 6 5 2 4 . 8 3 1 

6 2 5 7 1 6 7 4 3 4 . 7 7 3 

ble intensities could not be resolved, the experimental 
t ransi t ion frequency was used for bo th hyperfine com-
ponents . F o r the fit procedure , the contr ibut ions to 
the two unresolved hyperfine componen t s were inten-
sity weighted. 

The 1 4 N hfs was analysed by a first order per turba-
tion t rea tment [14] in the coupled basis constructed 

Table 2. Quadrupole coupling constants of propargyl-iso-
cyanide. Standard deviations j n units of the last digit, 
cr: Standard deviation of the fit, Av: Mean experimental split-
ting. 

X+=Xbb + Xcc = -290 .3 (78) kHz 
X~=Xt„-Xcc= 311.5 (83) kHz 
*aa = 290.3 (78) kHz 
Xbb = 10.6 (80) kHz 

= -300.9 (80) kHz 
o _ = 6.5 kHz 
Av= 87 kHz 
Correlation coefficient (x + , z~) = 0.08 

Table 3. Results of the fourth order centrifugal distortion 
analysis according to Watson's S-reduction in the I r repre-
sentation, with the correlation coefficient matrix. A, B, C: 
Rotational constants (MHz), Dj, DJK, DK, dj, dK: Quartic 
centrifugal distortion parameters (kHz). Standard deviations 
in units of the last digit, a : Standard deviation of the fit. 

A = 2 0 5 2 7 . 8 7 5 ( 3 3 ) 

B = 3 0 7 4 . 6 0 6 0 ( 6 5 ) 

C = 2 7 1 4 . 5 2 4 3 ( 6 2 ) 

Dj = 2.26 
Djk= -75.6 
Dk = 2 2 0 0 . 

dj = -0.60 
dK = - 0 . 0 7 

(T<1 kHz 

(9) 
(2) 

(10) 

(1) 

(4) 

1.00 
.12 1.00 
. 1 9 . 8 5 1 . 0 0 

. 1 8 . 9 1 . 9 1 1 . 0 0 

- . 0 1 . 0 3 . 0 0 - . 1 8 1 . 0 0 

. 7 8 . 1 8 . 1 4 . 2 9 - . 3 4 1 . 0 0 

- . 1 5 . 2 9 . 1 8 - . 0 7 . 0 8 - . 4 1 1 . 0 0 

- . 2 3 - . 2 4 . 1 6 - . 0 6 . 0 8 - . 4 9 . 9 6 

with the symmetric ro to r wavefunctions, to provide 
the quadrupo le coupl ing cons tants x + a n d x by a 
least squares analysis [15]. 

The results of the analysis are given in Table 2. The 
s tandard deviation of the fit is 6.5 k H z and the mean 
experimental splitting is 87 kHz. 

The hypothet ical center frequencies of the mult i-
plets given in Table 1 and the t ransi t ion frequencies 
reported in [3] were used for a centrifugal dis tor t ion 
analysis. M c N a u g h t o n et al. [3] have noted a high 
correlat ion between the ro ta t ional cons tan t A and the 
distort ion paramete r DK, bu t with the combined d a t a 
a s imul taneous fit of all constants was possible. The 
constants presented in Table 3 are in good agreement 
with the previously repor ted ones. 

Table 4 gives a listing of 1 4 N quadrupo le coupl ing 
constants of isocyanides known to the authors . There 
is a discrepancy between the two repor ted values for 
tertiary butyl-isocyanide [20, 21]. Kas ten et al. [21] de-
termined xaa = Xzz ( z : symmetry axis) f rom the J = 1 <- 0 
transit ion alone, while H o w a r d et al. [20] recorded all 
t ransit ions up to J = 3 <- 2, K = 2. 

The values of the coupl ing cons tan ts are generally 
small, with the exception of t r i f luoromethyl-iso-
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Table 4. Comparison of 14N quadrupole coupling constants (kHz) of isocyanides. Standard deviation in units of the last digit. 

Molecule Xaa Xbb Xcc Ref. 

1 C F 3 - N C 1060. (30) -530. (30) -530 . (30) [16] 
2 C H 3 - N C 489.4 (4) -244.7 (4) -244.7 (4) [17] 
3 C H 3 C H , - N C 253.2(59) -106 . (11) -148 . (11) [18] 
4 ( C H 3 ) , C H - N C 179. (3) -133. (22) 46. (22) [19] 
5 ( C H 3 ) 3 C - N C 165. (2) -82.5 (20) -82 .5 (20) [20] 5 ( C H 3 ) 3 C - N C 

159.1 (10) -79.5(10) -79 .5 (10) [21] 
6 ga M cfo?-CH 3 CHXH,-NC 152. (5) - 9 . (7) -143 . (7) [22] 
7 H 2 C = C H - N C 258. (5) -258 . (6) 0. (6) [23] 
8 HC = C - C H , - N C 290.3 (78) 10.6(80) -300.9 (80) This work 
9 cyclo-C3 H 5 - N C 331. (3) -128. (9) -204 . (9) [24] 

10 c 6 H , - N C 411.5 (70) -385.8 (79) -25 .7 (79) [21] 

cyanide 1 which exhibits a surprisingly large constant 
Xaa — Xzz • The molecules 2 to 5 have been ar ranged in 
an order of increasing methyl subst i tut ion on the 
a ca rbon a tom. As the structures of the asymmetr ic 
rotors are not known to sufficient accuracy, a compar -
ison of the elements of the quadrupo le coupling tensor 
with one axis coinciding with the C —N = C bond di-
rection is difficult at present, if not impossible. 

To provide a min imum of compar ison , the coupling 
constants invariant to a rota t ion of the quadrupo le 
coupling tensor into the C —N = C bond direction 
have been printed in bold type. F r o m molecule 1 to 5, 
a cont inuous decrease of x c c ( x b b ) is obvious, with the 
c (or b) axis perpendicular to a symmetry plane of the 
molecule. ycc (or ybb) are very sensitive to subst i tut ion 
at the a ca rbon a tom. The values for molecules 6 to 10 

do not show any systematic pat tern . This is expected 
because of the structural and chemical diversity of the 
latter group. 

An interpretat ion of the quad rupo le coupling da ta 
with respect to the electronic envi ronment of the ni-
trogen nucleus thus awaits fur ther s t ructural results or 
an extended ab-initio study. 
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