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The rotational spectrum of the weakly bound complex (PH,. HCN) in its vibrational ground state has been observed by the 
technique of pulsed-nozzle, Fourier-transform microwave spectroscopy. The isotopic species (PH,, HC14N). (PH,. DC14N) 

and (PH,. HCt’N) exhibit spectra of the symmetric-top type from which accuratevalues of-the spectroscopic constants Be, 0,. 
D,K and x,,(‘~N) have been determined. For(PH,, HC14N) the appropriate values are: B, = 1553.3709(l) MHz, D, = 3.306(3) 
kHz, DJK = 256_9(6) kHz and x,,(‘~N) = -4.3591(14) MHz The geometry of the complex established from the spectroscopic 
constants is one of C,, symmetry at equilibrium. with the HCN molecule lying a!ong the C, axis of PH, and oriented so that it 
forms a hydrogen bond to the P atom. The effective distance from P to the C nucleus is r(P - - - C) = 3.913 I\. 

1. Introduction 

Rotational spectroscopy is now established [l] 
as a powerful method by which the properties of 
effectively isolated, weakly bound molecular com- 
plexes can be determined. Conventional micro- 
wave spectroscopy of equilibrium gas mixtures is 
effective for hydrogen bonded complexes of the 
stronger type but for weaker complexes a suffi- 
cient number density cannot be achieved by cool- 
ing such mixtures. On the other hand, the tech- 
niques that involve supersonic expansion of a mix- 
ture of the components seeded in argon gas lead, 
even for the most weakly bound complexes, to a 
high number density at a very low effective tem- 
perature. These techniques thus have a high sensi- 
tivity for molecular complexes and we have used 
one of them (pulsed-no&e, Fourier-transform mi- 
crowave spectroscopy) in a series of.investigations 
into weakly bound complexes formed- by phos- 
phine w&h .tbe hydrogen halides [2-41. Not only 
have such- species thereby. been. identified unam: 
biguously in the gas. phase but also important 
properties of the complexes have been established, 

We_ now: report- a ’ &@& identification and 
cha&terisation of a ,molecuhk complex formed by 
phosphk with hydrogen. cyanide, the hydride. of 

: 

the pseudohalogen (CN),. From an. investigation 
of the rotational spectrum, we have determined 
accurate values of the rotational constant, centri- 
fugal distortion constants and (where appropriate) 
the “N-nuclear quadrupole coupling constant for 
the isotopic species (PH,, HC14N), (PH,, DC14N), 
(P_H, HC”N) and (PH2D, HC14N). The form of 
the observed spectra and the detailed magnitude 
of the rotational constants allow the definite con- 
clusion that the -complex has C,, symmetry at 
equilibrium, with the HCN axis lying along the C, 
axis of PH, and both subunits oriented so that the 
H atom of HCN forms a,hydrogen bond to the P 
atom of .PH,. Analyses of the “N-nuclear 
quadrupole coupling constants and the centrifugal 

-distortion constants lead to conclusions about the 
‘motion of, the .HCN. subunit within the complex 
and the strength of the hydrogen bond. 

2. Experimental 

Rotational spectra of (PH,, HCN) were de- 
tected in the- vibrational ground state by using a 
pulsed-nozzle Fourier-transform microwave- spec- 
trometer of the type describedby-BaBe and Flygare 
[S]. -A preliminary description of: the-.spectrometer 
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at University ColIege has been given elsewhere [2]. 
The gas mixture pulsed from the nozzle (0.7 

mm orifice) into the Fabry-Perot cavity was made 
as follows. Hydrogen cyanide gas was admitted to 
the evacuated, stainless steel reservoir at a pressure 
of = 10 Torr and the majority removed by con- 
densation. A partial pressure of = 25 Torr of 
phosphine was then added and the whole mixture 
diluted with argon to a total pressure of 1 atm. 

Phosphine was supplied by Matheson Inc., or 
prepared by the action of 6 M sulphuric acid on 
aluminium phosphide [6] in vacua. In the latter 
case. the product was initially condensed at 
liquid-nitrogen temperature together with consid- 
erable water. A sufficiently dry product was ob- 
tained by distillation of the crude condensate from 
a Drikold/acetone mixture at = 200 K. PH,D 
was prepared by a similar procedure but using an 
appropriate H,SO,/D,SO, mixture_ Hydrogen 
cyanide and deuterium cyanide were prepared by 
the action of phosphoric and perdeuterophos- 
phoric acids respectively on potassium cyanide in 
vacua. For HC”N. an isotopicahy enriched (95%) 
sample of KC”N was employed_ 

3. Results 

3. I. Xatwe of obsemed spectra and magnitude of the 

spectroscopic constants 

The rotational spectrum attributed to the com- 
plex formed by phosphine and hydrogen cyanide 
is characteristic of the vibrational ground state of 
a symmetric-top molecule in which an ‘“N nucleus 
lies on the symmeny axis. Thus. it consists of 
series of equally spaced transitions (J+ 1. Kc 
J, K ). Gth each transition exhibiting the required 
‘lN-nuclear quadrupo le hyperfme pattern. Figs. 1 
and 2 show three nuclear quadrupole components 
of the J = 3 + 2. K = 0 transition of (PH,. HC’“N) 
which are sufficiently close in frequency to lx 

observed simultaneously within the bandwidth of 
the Fabxy-Perot cavity. Each component appears 
as a doublet in fig. 2 because of a Doppler effect 
whose origin has been fully d&ussed [5]. Ob- 
sened transition frequencies for 1 <J < 4are@ven 
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Fig. 1. Transient emission signal arising from the F = 2 + 1. 

3+Zand4+3componentsoftheI=3*2_K=Otransition 
of (PH,. HC”N) digitized at a rate of 0.5 ps/point_ The 
polarizing radiation has a frequency of 9319.4317 MHz. The 
emission from = 10 gas pulses was averaged IO $eld this signal. 
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Fig. 7 Power spectrum resulting from the Fourier transforma- 
tion of the timedomain signal of.& 1. Freqkes are offset 

at a rate of 3.90625 U&/point from 9319.4317 MHz The 
transitions are cacb split into a doublet. as indicated. by a 
Doppler effea and are asGgue& in orda of inacasing 0ffseL 
as tbe F=2+l, 3~2 a&d 4-3 %Lnudear quadrupole 

companmrsoftbeJ=3c2.K=Otrsnsiaiosrespat~.in 
{PH,. HC”N). The reason for tbe disuqwq between the 
ohsewed and calculated inknsitk of lx>*e anqxuxnts 

tiesintkrapidvatiationoftbexsponse cutvcoftbehighQ 
Fabzy-Perot ca+ aitb fxquaxy. 
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Table 1. .- 
Observed a$ +zulat&_ rotational transit&m frequencies of (PH,. HC”N) . . 

Transition ‘Kc0 K-l ‘- 
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J’ Fe c J’; F’ 

cc.s(MHt) edMHd diff.(kHz) P&(MHz) Q&MHZ) diff.(kHz). 

2 2 +I 2 : 6212.0700 6212.0701 -0.1 (6211.9017) =’ 6211.9144 (-12.7) 
2 1 cl 0 6212.2873 6212.2882 -0.9 (6213.9989) 6213.9870 (11.9) 
2 2 +I 1 6213.3769 6213.3777 -0.8 (6211.2597) 6211.2601 (-0.4) 
2 3 cl 2 6213.4719 6213.4712 0.7 (6212.6033) 6212.6154 (-12.1) 
2 1 =-1 1 ’ 6215.5574 6215.5576 -0.2 (6212.3480) 6212.3513 ( - 3.3) 

3 3 -2 3 - b) 9318.4669 9317.3532 9317.3531 0.1 
3 2 62 1 93 19.6503 9319-6502 0.1 9318.4351 9318.4358 -0.7 
3 3 +2 2 9319.8693 9319.8682 1.1 9318.0504 9318.0543 - 3.9 
3 4 62 3 9319.9209 9319.9201 0.8 9318.4520 93184439 8.1 
3 2 --2 2 9321.8291 9321.8300 - 0.9 9319.521s 9319.5271 -5.6 

4 4 +3 4 12424.6669 12424.6677 - 0.8 12422.8634 12422.8654 - 2.0 
4 3 +3 2 12426.0265 12426.0272 -0.7 12424.0824 12424.0729 9.5 
4 4 +3 3 12426.1194 12426.1207 -13 12423.9555 12423.9561 -0.6 
4 5 +3 4 12426.1568 12426.1537 3.1 12424.1266 12424.12% -3.0 
4 3 +3 3 12427.9887 12427.9890 -0.3 12425.5444 1242554.57 -1-3 

5 5 +4 5 15530.5680 15530.5697 -i.7 15528.1623 155281668 - 4.5 
5 4 +4 3 155320025 155320038 - 1.3 15529.4799 15529.4778 2.1 
5 5 +4 4 15532.05% 15532.0557 3.9 15529.4323 15s29.4311 1.2 
5 6 64 5 15532.0790 15532.0786 0.4 15529.5271 15s29.5260 1.1 
5 4 +4 4 15533.8707 15533.8721 -1.4 15531.0665 15531.0674 -0.9 

a) Transition frequencies enclosed in parentheses were not included in the Icast-squares analysis. Set turt for discussion. 

b, This trxtsition is obscured by the much stronger F = d c 3 component of the J = 3 + 2. K = 1 transition. 

in table 1 for (PH,, HC”N). Those for transitions 
associated with K = 0 are recorded in a separate 
column from those for transitions having K= I. 
We did not observe spectra originating in states 
with K> 2 because of the low effective tempera- 
ture (= 5 K) of the supersonically expanded gas. 
K = 2 states will be higher in wavenumber by = 16 
cm-’ than the corresponding K = 0 states because 
the value of the rotational constant A,, of the 
complex will be of similar magnitude to that asso- 
ciated with the symmetry axis of free PH, p]. 
Consequently, such states will be negliibly popu- 
lated_ For similar reasons, all observed spectra 
have been ass&ted to the vibrational ground state 

of the complex. 
The frequencies given in table 1 were fitted in a 

standard non-linear least-sqkes analysis to give 
wit constants by use of the hamiltonian 

where & is the usual effective rotational hamilto- 
nian of a symmetric-top molecule with eigenvalues 

E,=B,-,J(J+l)-D,J’(J+l)’ 

-L&J(J+ 1)K’. (2) 

The term IYQ describes the hyperfine splitting aris- 
ing from the interaction of the “N-nuclear electric 
quadrupole moment with the electric field gradient 
at the 14N nucleus and is written 

HP= - JQ:vE, (3) 

where Q and DE are the nucltir electric quadru- 
pole tensor and the elect& field gradient tensor, 
respectively, The matrix of H was set up in the 
3 + I = F basis, in which HR has only the diagonal 
elements given in eq. (2) and in which the o&y 
non-zero elements of HP are of the type 
(4 K, J, flH.]J’, K, I, F), where J=.K, J=t 1, 
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