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The crystal structure of the high-temperature modification of (CHaPPha) + (TCNQ)2 has been determined 
at 53 °C. The crystals are triclinic with the space group P ]  and lattice constants: a= 15.780 (5), b= 
14.545 (4), c = 8.910 (3)/~,, 0c = 117.22 (4), fl= 98.05 (7),), = 97.02 (6) ° and Z=  2. The structure was refined 
by the block-diagonal least-squares method with 2514 reflexions measured on a four-circle manual 
diffractometer to give an R value of 0.051. The structure is closely related to that of the low-temperature 
modification, consisting of tetrads of TCNQ molecules and methyltriphenylphosphonium ions. The 
tetrads are arranged to form a columnar structure along the b axis. The average interplanar distances in 
the tetrads increased to 3.32 and 3"26/~, which are longer by 0"08 and 0.04/~,, respectively, than the 
corresponding distances in the low-temperature modification, whereas the interplanar distance between 
the two adjacent tetrads of 3.55/~ was shortened by about 0.02 A. The overlapping mode of the TCNQ 
moieties within a tetrad is unaltered. The nearest neighbour overlap between the two adjacent tetrads 
changed from a modified ring-ring overlap to an overlap involving a diagonal shift of the molecular 
centres. The conformation of (CH3PPha) + ion is different from that of the low-temperature form; two 
of the phenyl groups are rotated by about 56 ° and 45 ° from the positions observed in the low-tem- 
perature form. Moreover, the conformation of the phosphonium ion is disordered, two of the phenyl 
rings taking different orientations with a probability of about 0.1. These changes of the structure are in 
accord with the change in physical properties of the high-temperature phase. 

Introduction 

Crystals of (CH3PPH3)+(TCNQ)~ - undergo a first- 
order phase transition at 315.7°K (Kepler, 1963). The 
temperature dependence of physical properties such 
as electrical conductivity, magnetic susceptibility etc., 
has been extensively studied by a number of workers 
(for example, Jones & Chesnut, 1963; Iida, Kinoshita, 
Sano & Akamatu, 1964; Iida, Kinoshita, Kawamori 
& Suzuki, 1964; Nordio, Soos & McConnell, 1966; 
Kosaki, Iida, Sorai, Suga & Seki, 1970; Shirotani, 
Kawamura & Iida, 1972). Models for this transition 
were also proposed (Chesnut, 1964; Merkl, Hughes, 
Berliner & McConnell, 1965). The crystal structure of 
this compound at room temperature has been deter- 
mined by the photographic method (McPhail, Seme- 

niuk & Chesnut, 1971). Quite independently we have 
determined the crystal structure by the counter method 
(Tsuchiya, Marumo & Saito, 1973). Positions of hydro- 
gen atoms were also determined. The final R value was 
0.060 for 3574 observed reflexions. Both results agree 
well, although the cell dimensions are somewhat 
different. The crystal structure of the high-temperature 
modification was determined in order to gain a better 
understanding of the phase transition. The result will 
be discussed with particular reference to the structure 
of the low-temperature phase. 

Experimental 

The crystals of (CH3PPh3)+(TCNQ)~ " were kindly 
supplied by Dr !ida of Hokkaido University. A singl¢~ 
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crystal specimen was found to transform into the high- 
temperature form without breaking, if the temperature 
was raised slowly at a rate of  0.4 ° per rain. A part of the 

reciprocal-lattice network containing those reflexions 
of  which the intensities change sensitively with the 
phase transition was recorded on Weissenberg photo- 

Table I. Observed and calculated structure factors 
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Table 1 (cont.) 

~;~ -. 
. , • ZlS • 1 ,  * I ? .  . )  ~TT 

• ~ I ~ 0  1 • 4 5  15~ -2  1 • I  

~8 qq 11o ? o , 9  

- 8  192 201 - •  11/ 11" 71 
• •o -7  1,o •~• -~  1 ~  a19 ) 1•~ l a9  

zez 
~2 • e~ e~ es 

:),'~ :~ , :: , ~ ~: :~ ~ • i ! 1 : :  • a . - 1 o  ~ * ~ ~ aaa aa6 •oo ~ ~ 

• s ~  ! 1  ~ IO? 11~ *1 !  z?? ~8  - * •o  6 

- 6 * . ~  711 71 -11 111 •11 - • )  ~9 ,6 - s  11o z ) )  - ,  77 71 

- T  •16 1•9 * l • g  l i e  - •O I12 -1 l i e  106 115 i~ -? 
• o t '  ' I  ~ ~o :) ) 
-7  6~ -g 1•9 117 -5 RO 79 -1  59 ~O -0 2•6 ;'2~ 15• •~2 ; '•5 206 T 

1,s l~q -& 1~• 116 -I ~I' Im 7) 82 -7 •$6 •~ I •11~ 196 z •~1 1,9 •06 

:) ; I " : . . . .  
-1 . sq log 115 ; 1*1 It~ I * i, • t 

#, 1 ) •  1,~ 2 "To ~o ** 219 ?2S t .~t 5 7 2 ~0 86 - • 0  62 ~ t  -9 176 17~) 

. . . . . . . .  ~ I,o~ , . o  , ~ . . . . . . . . . . .  o ) 'b -s  . . . . . .  o o " I :  . . . . . . . . . .  ,' '6 ' : : 2 : :  . . . .  - . . . . . . . . .  • .: - ,  x ) ,  
17# I#~ I)7 1~6 

:: ii " i  . . . . . . . . . . . . . . . . . .  :: . . . . . . . . .  :: , , ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . . . .  ) :  

:)  . . . .  1, 

: )  - "  : . . . . . . . . . . . . . .  g . ~ . . . .  ~ . . . .  :~ . . . . . .  

. . . .  , . . . . . . .  , . 2  ;o' ) . . . . . . . . . . . . . . . . .  : :  . :  . - .  

R as • 1,6 I~5 20~ la * P~? 2~ •  T ? ~ • 9  "1  -9 190 
0 '11 ~ '~ • ~ ,  1 ~  •o 6~ 1? '~ '~  ~'~ ~ ~ ~ -6 ~,t ~0 • ' ~  ,:7 .'~ '~6 
l ,?  ~ l  ii 1,¢i Igl, b ?T t? - t  71 11 ) i s  ~ ,  - t  2 | *  

-i~ 1o1 I ~ I  -9 ). ~, i~ 111 -5 111 zJ• -i 3~, 

. . . . . . . . . . . . . .  :I'o . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : :  .... 

. . !  ~ ~ ~ ,  ~ :  7 ~ 1Ol - - 1 2  1 I 111 • t !  - i  111 

171 Io) -~  117 :) . . . . . .  :l~ . . . .  

;1 - .  . " '  ' I  " :1 1,0 

• o~ •~n - •n  1•9 •~9 ~, ~ I le~ •~  -1  7? ~o 1,o 

s ~ 11. -~ •O9  lIT n •~* ~o  • 11) 111 " -1 

~t  

i I I~, 16• •,i - -, ? . o 

$~ •)o I~o ~71 Ill 4 ?o ?| * i  14 '  

, . .  . . . . . . . . .  :: •!~ 111 : : F  ::~ :: •,1 . . . . . .  •1. : . 0  
, ~ :  . . . .  ~ , )  - ~  . . . . . . . . . .  ~ . . . . . .  ~ 2 0 ,  

:~ ,: ......... :~ ........ ~ •I. 

. . . . . . .  : :  . . . . . . .  i !  . . . . . .  
I•i -2 

I•~ I • a ,  1s l  9 *  l no  - t  ,~  ~ * *  

9 . . . . .  ;I . . . . . . . . . .  - ,  ~'~ Z i :)  . . . .  * ~ z~1 ~ •~  1~8 I I ~, 1ol  - ~* 
, ,  :~ . . . . . . . .  :) , ) . . . . . . . . .  

12~ " - I  17o I~I e~ ?~ • ?~ ?1 - -~  

. . . . . . . . . . . . . .  ; . . . . . .  , ;  . ,  . . . . . .  • , ,  , , ,  :~ •,.1'° 

ze~ -, I•? t o *  ~ ~, ~ 1 )Io ~11 

I ~  - t  17~ I s?  . l  1~1 11o l ~ i i  *n  90 

118 1;a lO& -~ l )T 111 -I ~g2 2~ t  - 1  II 
o ~ ,~ -Io i~i g? o ~oo 

wC N fO FC 

109  1 l t ~  116  
119  

I I  ~ -?  | 
tO2 

" '  ii . . . .  170  IT  lo l  
I79 alO ~I| 

.... ~ ', go 
12~ 1 , ,  I * 

? ~ * * 1  

. ?  • o *s i~ 

I o ,  Iio 

? - 2  . 7  9* 
o 2 t t  2 t ,  

1*1 I 210 ~7o 
* t  

I?~ . -, I 
lot 
Iio -? To ,6 

lab ,o  
* t  I ,  ? t  

, -9 , ,  11 
: I  11 " 1o1 t ,  

1, ,  o zl? fa t  
12, I ; I  71 
l o  

1~l  - " l  I 
21 

~,l -1 i. 1oo 
- ,  ~o1 2o) 

l ?T *~ 

79 111 1 

. 1  :~ • : I  •9 ,  
• ,• 7,  T 
111 G • t ,  111 
I•, x i$ I, 
IOI 

,9 

ii 

graphs at different temperatures. It was confirmed that 
the phase change was completed in a very short time 
by this heating rate and no indication was observed of 
the low-temperature phase migrating into the high- 
temperature phase. The crystal specimen was heated 
by a stream of electrically heated air. Thermocouple 
measurements indicated that the temperature was 
constant at 53 + 1 °C throughout the experiment. In- 
tensity data were collected on a manual four-circle 
diffractometer. The crystals disintegrated during ex- 
posure to X-rays and measurements had to be made 
with half a dozen specimens, whose maximum dimen- 
sions ranged from 0-3 to 0.4 mm and which were cut 
from larger crystals. Mo Ke radiation was used with 
the ~o-20 scan technique. Data were recorded for 3250 
independent reflexions up to 2 0 = 4 0  °, of which 2514 
with IFI >- 3~, were regarded as 'observed'. A standard 
reflex•on was measured every two hours. The intensities 
were corrected for Lorentz and polarization effects, 
but corrections for absorption and extinction were not 
applied. The crystal data are: (C19H18P)(Ct2H4N4)2, 
M.W. 685.7. Triclinic, a=15.780 (5), b=14.545 (4), 
c=8.910 (3) A, c~= 117.22 (4), fl= 98-05 (7), 7= 97.02 (6)°; 
U=1759 .9  A 3, Z = 2 ,  D~=1.299 g cm -3, at 53°C, 
Mo Ke (2 = 0.7107 A),/z = 1.28 cm-1. Space group P i .  

Crystal data of the low-temperature modification 
are" Triclinic, a = 15.762 (3), b = 14.725 (5), c = 9.022 (4) 
A, c~= 120.01 (3), f l= 97-32 (6), ?,=96.21 (7) °, U =  1762.1 
A 3. (Tsuchiya, Marumo & Saito, 1973). Space group 
PT. Triclinic, a =  15.74, b =  14.67, c =  9.01 .~, e =  119.98, 
/?=97.04, ?,=96"55 °, U =  1751 A a (McPhail et al., 1971). 

McPhail's data (a', b', c') were transformed according 
to the relations: a = b' + c', b = - a' - b', c = a'. 

Structure determination 

Initial positional parameters for the non-hydrogen 
atoms were taken from the final parameters of the low- 
temperature modification (Tsuchiya et al., 1973), since 
the general features of the intensity distribution indi- 
cated that the structure is closely related to that of the 
low-temperature modification. The conventional R 
value was 0.35 at this stage. The atomic positions and 
thermal parameters were refined in the usual way by the 
least-squares method with a block-diagonal program 
HBLS-4  written by Dr Ashida. With the introduction 
of anisotropic temperature factors further cycles of 
least-squares refinement reduced the R index to 0.13. 
A difference Fourier synthesis showed all the hydrogen 
atoms in plausible positions. Further refinement cycles 
were carried out with anisotropic temperature factors 
for non-hydrogen atoms and with isotropic temperature 
factors for hydrogen atoms. The R value converged to 
0-070. In a difference Fourier synthesis at this stage, 
however, there were several well defined peaks with 
heights of 0.4 e A - E  The maps can be explained if two 
of the phenyl rings are considered to assume different 
orientations with a population of about one tenth. This 
disorder was taken into account and the populations 
of the carbon atoms were also refined. Isotropic tem- 
perature factors were assumed for these carbon atoms. 
Positions of hydrogen atoms attached to the carbon 
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a toms  in this less p o p u l a t e d  posi t ion could  no t  be de- 
termined.  Af te r  several ref inement  cycles the s t ructure  
converged  with R=0"051  and  R2=0"048.  A t  the final 
stage o f  the ref inement  all the p a r a m e t e r  shifts were 
less than  one eighth o f  the co r respond ing  s t anda rd  
deviat ions.  Un i t  weight  was given to all the reflexions. 
The a tomic  scat ter ing factors  were t aken  f r o m  Interna- 
tional Tables for X-ray Crystallography (1962). Table  
1 gives the observed  and  calcula ted s t ructure  factors .  
The a tomic  pa ramete r s  a n d  their  s t anda rd  deviat ions 
are listed in Table  2. 

Thermal motion 
The mot ion  o f  two T C N Q  molecules  has  been 

ana lysed  in terms o f  the r ig id-body tensors  of  t rans la-  
t ion (T) and  l ibrat ion (to) (Cru ickshank ,  1965). Rigid- 
body  pa rame te r s  for  the two qu inod ime thane  moiet ies  
are listed in Table  3. There  are two crys ta l lographical ly  
independent  T C N Q  moieties,  hereaf ter  des ignated  as 
T C N Q  I and  II,  respectively. In both  molecules,  the 
t rans la t ion  is quite isotropic,  whereas  the l ibrat ion is 
quite anisot ropic  and  the axis of  the largest  r .m.s,  am-  
pl i tude cor responds  to the long axis of  the molecule  

P 
C(1) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
c(8) 
c(9) 
c(10) 
c(11) 
C(12) 
C(13) 
C(14) 
c(15) 
c(16) 
c(17) 
c(18) 
C(19) 
C(20) 
C(21) 
C(22) 
C(23) 
C(24) 
C(25) 
N(26) 
N(27) 
C(28) 
C(29) 
c(3o) 
c(31) 
C(32) 
C(33) 
N(34) 
N(35) 
C(36) 
C(37) 
C(38) 
C(39) 
C(40) 
C(41) 
N(42) 
N(43) 
C(44) 
C(45) 
C(46) 
C(47) 
C(48) 
C(49) 
N(50) 
N(51) 

Table  2. Atomic parameters of  non-hydrogen atoms (× 104) 

The values of ,Stj refer to the expression: exp [ -  (,8~1h 2 +,822k 2 + fl33l z + 2B~2hk + 2B13hl + 2,823kl)]. 

Here and elsewhere in this paper the estimated standard deviations in the last figure are given in parentheses. 

4992 (1) 2989 (1) 1541 (2) 34 (1) 58 (1) 120 (2) 13 (1) 13 (1) 39 (1) 
4303 (4) 3495 (4) 3048 (7) 53 (3) 89 (5) 163 (11) 20 (3) 35 (5) 24 (6) 
4376 (3) 2434 (4) -607  (6) 30 (2) 57 (4) 174 (10) 8 (2) - 7  (4) 54 (5) 
4800 (4) 2092 (5) -1973 (6) 66 (4) 122 (6) 115 (11) 13 (4) 29 (5) 62 (7) 
4289 (5) 1622 (6) -3645 (7) 126 (6) 137 (7) 127 (12) 21 (5) 37 (7) 65 (8) 
3395 (4) 1534 (5) -3904 (8) 87 (4) 118 (6) 265 (15) - 7  (4) - 8 2  (7) 101 (8) 
2992 (4) 1829 (5) -2585 (8) 65 (4) 92 (6) 320 (16) 11 (4) - 1 2  (6) 98 (8) 
3475 (3) 2288 (4) -937  (7) 50 (3) 77 (5) 182 (11) 13 (3) - 1 4  (5) 50 (6) 
5445 (3) 2010 (4) 1828 (6) 28 (3) 56 (4) 103 (10) 5 (3) 13 (4) 39 (5) 
4927 (4) 1339 (5) 2189 (8) 65 (4) 84 (6) 265 (15) 34 (4) 70 (6) 93 (8) 
5275 (5) 559 (5) 2409 (9) 95 (5) 88 (6) 272 (16) 28 (4) 58 (7) 108 (9) 
6136 (4) 485 (5) 2315 (8) 61 (4) 97 (6) 257 (15) 29 (4) 27 (6) 101 (8) 
6614 (4) 1110 (5) 1869 (10) 42 (3) 110 (6) 390 (20) 28 (4) 46 (7) 139 (10) 
6275 (4) 1884 (5) 1649 (9) 48 (4) 89 (6) 327 (17) 23 (4) 54 (6) 121 (9) 
5855 (3) 4063 (4) 1986 (7) 33 (3) 56 (4) 161 (11) 10 (3) 1 (5) 50 (6) 
6487 (4) 4510 (5) 3450 (8) 44 (3) 101 (6) 204 (14) - 4  (4) - 1 7  (5) 102 (8) 
7146 (4) 5346 (5) 3841 (8) 53 (4) 109 (7) 236 (15) - 9  (4) - 2 6  (6) 87 (9) 
7201 (4) 5759 (5) 2785 (9) 50 (4) 80 (6) 306 (17) - 12 (4) - 14 (6) 70 (9) 
6597 (5) 5288 (5) 1207 (9) 82 (5) 72 (6) 302 (17) 1 (4) 17 (7) 99 (9) 
5915 (4) 4457 (5) 801 (8) 56 (4) 74 (5) 204 (14) 2 (4) - 6  (6) 62 (7) 

-955  (3) 1131 (4) -1640 (5) 32 (2) 49 (4) 101 (9) 11 (2) 11 (4) 33 (5) 
-1100 (3) 1331 (4) 31 (6) 33 (2) 55 (4) 123 (9) 12 (2) 22 (4) 40 (5) 

- 9 8  (3) 1020 (4) -1939 (5) 38 (3) 64 (4) 93 (9) 13 (3) 19 (4) 37 (5) 
-1631 (3) 1055 (4) -2905 (6) 37 (3) 60 (4) 117 (9) 10 (3) 22 (4) 40 (5) 
-2483 (3) 1168 (4) -2632 (6) 40 (3) 81 (5) 144 (10) 7 (3) 7 (4) 48 (6) 
- 1505 (3) 860 (4) -4572 (6) 37 (3) 69 (4) 147 (10) 9 (3) 4 (4) 45 (6) 
-3168 (3) 1256 (4) -2437 (6) 43 (3) 153 (6) 280 (12) 26 (3) 28 (5) 106 (7) 
-1433 (3) 690 (4) -5927 (6) 66 (3) 129 (5) 168 (10) 24 (3) 24 (4) 79 (6) 

410 (3) 1312 (3) 975 (6) 34 (2) 44 (4) 111 (9) 10 (2) 10 (4) 33 (5) 
555 (3) 1106 (4) -708  (6) 34 (3) 56 (4) 114 (9) 10 (3) 26 (4) 36 (5) 

-448  (3) 1402 (4) 1248 (6) 40 (3) 62 (4) 102 (9) 12 (3) 18 (4) 43 (5) 
1086 (3) 1408 (4) 2255 (6) 32 (2) 61 (4) 120 (9) 8 (3) 16 (4) 44 (5) 
1940 (3) 1327 (4) 1981 (6) 41 (3) 70 (4) 154 (10) 7 (3) 1 (4) 59 (6) 
976 (3) 1610 (4) 3933 (6) 32 (3) 68 (4) 155 (It)) 9 (3) - 4  (4) 51 (6) 

2642 (3) 1277 (4) 1796 (6) 37 (2) 133 (5) 299 (12) 17 (3) 16 (4) 117 (7) 
913 (3) 1782 (4) 5291 (5) 61 (3) 123 (5) 159 (9) 20 (3) 14 (4) 79 (6) 

-1386 (3) 3564 (4) -2050 (6) 37 (3) 58 (4) 128 (10) 16 (3) 21 (4) 46 (5) 
-1547 (3) 3739 (4) -391 (6) 31 (3) 67 (4) 142 (10) 17 (3) 28 (4) 42 (5) 

- 5 2 0  (3) 3487 (4) -2304 (6) 42 (3) 74 (4) 143 (10) 17 (3) 28 (4) 67 (6) 
-2036 (3) 3504 (4) -3325 (6) 40 (3) 77 (4) 162 (11) 16 (3) 23 (4) 69 (6) 
-2914 (4) 3591 (5) -3169 (6) 55 (3) 110 (5) 151 (11) 28 (3) 28 (5) 85 (7) 
-1865 (3) 3364 (4) -4936 (6) 40 (3) 99 (5) 166 (11) 14 (3) 7 (4) 81 (6) 
-3618 (3) 3682 (5) -3087 (7) 60 (3) 202 (7) 313 (13) 49 (4) 55 (5) 156 (8) 
- 1734 (3) 3262 (4) - 6219 (6) 54 (3) 172 (6) 195 (10) 15 (3) 20 (4) 118 (7) 

- 4 9  (3) 3728 (4) 580 (6) 40 (3) 49 (4) 115 (9) 14 (2) 22 (4) 42 (5) 
113 (3) 3567 (4) - 1068 (6) 32 (3) 65 (4) 166 (10) 12 (3) 19 (4) 61 (6) 

-915  (3) 3808 (4) 844 (6) 40 (3) 66 (4) 137 (10) 17 (3) 26 (4) 57 (5) 
621 (3) 3799 (4) 1832 (6) 33 (3) 47 (4) 146 (I0) 12 (2) 18 (4) 35 (5) 

1492 (3) 3762 (4) 1583 (6) 41 (3) 71 (4) 164 (11) 13 (3) 8 (4) 49 (6) 
505 (3) 3918 (4) 3475 (6) 35 (3) 56 (4) 136 (10) 12 (3) 3 (4) 33 (5) 

2190 (3) 3741 (4) 1423 (7) 43 (3) 131 (5) 311 (13) 27 (3) 34 (5) 97 (7) 
459 (3) 4005 (4) 4795 (5) 61 (3) 94 (4) 151 (9) 19 (3) 21 (4) 55 (5) 

Population 

0-9 
0"9 
0-9 
0"9 
0.9 
0.9 
0-9 
0"9 
0-9 
0.9 
0"9 
0-9 
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c'(8) 
c'(9) 
c'(10) 
C'(l l)  
c'(12) 
c'(13) 
c'(14) 
c'(15) 
c'(16) 
c'(17) 
c'(18) 
c'(19) 

Table  2 (cont.) 

5534 (31) 1957 (37) 1786 (60) 
5566 (22) 1895 (27) 3317 (43) 
6008 (26) 1226 (32) 3464 (51) 
6294 (33) 491 (40) 2040 (65) 
6247 (32) 563 (39) 325 (63) 
5782 (24) 1329 (30) 359 (48) 
5775 (33) 4076 (40) 2003 (64) 
6635 (38) 3982 (46) 2245 (75) 
7179 (36) 4912 (44) 2670 (71) 
6912 (37) 5752 (44) 2794 (73) 
6063 (28) 5861 (35) 2679 (56) 
5490 (20) 4912 (25) 2174 (39) 

Popula- 
B* (A 2) tion 

4.4 (1.1) 0.1 
1.2 (0.7) 0.1 
2.4 (0.8) 0.1 
5"3 (1"1) 0-1 
4"6 (1"1) 0-1 
2.1 (0"8) 0"1 
5"O (1"1) 0"1 
6"7 (1"4) 0-1 
6"4 (1"3) 0"1 
6.1 (1.3) 0.1 
3.7 (0.9) 0.1 
0.9 (0"6) 0"1 

* Isotropie temperature factor 

Positional parameters for 

x y z 
H(C3) 548 (3) 218 (4) -176 (6) 
H(C4) 453 (4) 141 (5) -457 (8) 
H(C5) 301 (3) 123 (4) -498 (7) 
H(C6) 234 (3) 173 (4) -274 (6) 
H(C7) 322 (3) 255 (3) 26 (5) 
H(C9) 431 (4) 148 (5) 239 (8) 
H(C10) 488 (5) - 2  (6) 265 (9) 
H(Cll)  637 (4) -18  (5) 238 (7) 
H(C12) 725 (4) 103 (5) 179 (8) 
H(C13) 665 (4) 237 (5) 136 (8) 
H(C15) 645 (3) 433 (4) 435 (6) 
H(CI6) 752 (4) 557 (4) 490 (7) 
H(C17) 766 (4) 636 (5) 311 (8) 
H(CI 8) 662 (4) 556 (4) 25 (8) 
H(C19) 548 (4) 409 (4) -39  (7) 
Ha(CI) 457 (4) 384 (5) 428 (8) 
Hb(C1) 382 (4) 285 (4) 277 (7) 
Hc(C1) 398 (5) 406 (6) 277 (9) 
H(C21) -173 (3) 141 (4) 21 (6) 
H(C22) - 4  (3) 91 (4) -307 (6) 
H(C29) 117 (4) 98 (4) - 93 (7) 
H(C30) -53  (4) 147 (5) 241 (7) 
H(C37) -214 (4) 380 (5) -33  (8) 
H(C38) -45  (4) 327 (5) -361 (7) 
H(C45) 71 (4) 345 (4) - 118 (7) 
H(C46) - 104 (4) 385 (5) 194 (8) 

the hydrogen atoms (x 10 3) 

Population 

0"9 
0"9 
0"9 
0.9 
0-9 
0-9 
0"9 
0.9 
0"9 
0-9 

Mean isotropic temperature factor of hydrogen atom is 

3.5 (1.4)/~z 

for which the momen t  of inertia is the smallest. A 
similar analysis was carried out for the entire molecules;  
however, the r.m.s, deviation A Uij between observed 
and calculated thermal  parameters increased by a fac- 
tor of  two. This poor  agreement is probably  due to the 
wagging of  the cyano groups. ORTEP plots of  the 
thermal-mot ion ellipsoids for the (CH3PPh3) + ion of 
the low and  high-temperature phases are il lustrated in 
Fig. 1 (Johnson, 1965). A rigid-body analysis for an 
entire (CHaPPh3) ÷ ion gave a r.m.s, deviation A U~t of 
0.0128 A2; thus the validity of  using the rigid-body 
approximat ion  is questionable. As discerned f rom Fig. 
1, each phenyl ring exhibits the largest l ibrat ional  mo- 
tion around the P - C  bond. The ampli tudes of the 
thermal  motions increase in the high-temperature phase 
whereas those of  the phenyl  ring II in the low-tem- 
perature phase were larger compared with those of 
phenyl  ring I and III and these large ampli tudes did not 
alter appreciably in the high-temperature phase. 

Descr ip t ion  o f  the structure and discuss ion 

The structure viewed along the b axis is i l lustrated in 
Fig. 2. It consists of  columns of T C N Q ' s  packed almost  
parallel to each other. Within  the columns, which run 
parallel  to the b axis, a tetrad of  molecules may be re- 
cognized. The columns are packed side by side to form 
layers parallel  to (100). The (CH3PPh3) + ions are 
arranged between the layers of  T C N Q  columns. The 
average interplanar  spacings between T C N Q  I - . . I I  
and between I . - . I '  in a tetrad are 3.26 and 3-32 A 
respectively, where the pr ime indicates the molecule 
related to the first by a centre of symmetry.  Between the 
tetrads the interplanar  spacing II. • • II '  is 3.55 A. Fig. 3 
shows the dimensions of T C N Q  I and II. Deviations of 
the atoms f rom the least-squares plane through the 
quinodimethane  moiety are also indicated. The stan- 
dard deviations of  atomic coordinates are not small 
enough to determine f rom these dimensions whether 
the T C N Q ' s  occur as T C N Q  ° and T C N Q -  or whether 
they are really indist inguishable as T C N Q  x/2-. A 

Table 3. Rigid-body thermal parameters of  T C N Q  (quinodimethane moiety) 

(a) Principal axes of the molecules in the form: La + Mb + Ne 
Moment of Moment of 

inertia TCNQ I inertia 
(A.W. x/~2) L M N (A.W. x A 2) 

71"9 0.0484 0.0063 0"0918 72-2 
259.2 - 0.0409 0.0124 0.0803 256-7 
331-1 0.0167 0.0779 0.0433 328"9 

TCNQ II 
L M N 

0.0474 0.0054 0.0926 
-0.0422 0-0100 0-0774 

0.0161 0.0783 0-0469 

(b) Molecular vibrational tensors 
TCNQ I 

382 41 
T x 10 4 329 

298 - 66 
cox 10 62 

8 
24 A z T x 104 

345 
- 1 0  

14 (0)2 o x 10 
15 

415 

284 

TCNQ II 
- 1 0  
354 

- 3 2  
37 

49 
0 A 2 

412 
20 

6 (o)2 
32 
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Table 3 (cont.) 
(c) Principal axes of  the T and co tensors relative to the molecular  axes. 

R.m.s .  T C N Q  I R.m.s.  T C N Q  II 
ampl i tude  Direct ion cosines ampl i tude  Direct ion cosines 

0 .172/~  0"409 0.799 0"442 0"187/~, 0.350 0-895 
0.189 0-285 0.348 - 0 . 8 9 3  0.192 0.599 - 0 . 4 4 0  
0-201 0-867 - 0-491 0-085 0.215 0-72 ! - 0-069 
0.88 ° 0.116 0.373 0.920 1.51 ° - 0 - 1 3 4  - 0 . 6 2 7  
2.26 - 0.223 - 0"893 0-390 2"02 - 0"048 - 0.769 
5"62 0.968 - 0 . 2 5 1  - 0 . 0 2 0  5"38 0'990 - 0 " 1 2 3  

(d) R.m.s .  deviat ion be tween obs.  and calc. Uu 
26 x 10 -4 ~2 38 × 10 -4/~2 

-- 0"276 
- 0"669 

0-690 
0"767 

- 0 " 6 3 7  
0"073 

IT 

(a) (b) 

I 

(c) 

Fig. 1. The O R T E P  plot of  the thermal ellipsoid with a p rob-  
ability of  5 0 % .  (a) (CH3PPh3) + ion in the low- tempera tu re  
phase viewed a long the P - C H 3  bond ;  (b) (CH3PPh3) ÷ ion 
with the popula t ion  of  0.9 in the h igh- temperature  phase ;  
(c) (CH3PPh3) + ion with the popula t ion  of  0.1 in the high- 
t empera ture  phase. C a r b o n  a toms  of  II and III  were 
represented by a sphere of  an arbi t rary  scale. 
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multivariate significance test (Cruickshank & Robert- 
son, 1953) of the differences in dimensions between 
the two TCNQ moieties gave a value of T2=7 which 
is not significant for four degrees of freedom. Within a 
tetrad there is one type of overlap between adjacent 
TCNQ units: ring-external bond type. This overlap- 
ping mode is the same as that observed in the low- 
temperature modification. However, the nearest neigh- 
bour overlap between adjacent tetrads changed slightly 
as shown in Fig. 4. Above the transition temperature it 
is an overlap involving diagonal shift of molecular 
centres similar to that observed in N-(n-propyl)quino- 
linium TCNQ2 (Sundaresan & Wallwork, 1972). The 
least-squares planes through the TCNQ's  indicate that 
they are not quite planar but bowed slightly; in mol- 
ecule I in particular the terminal cyano groups are 
twisted slightly around the C=C bond. These features 
are the same as those observed in the low-temperature 
modification (McPhail et al., 1971). 

Bond distances and angles for the cation are listed 
in Table 4 with their estimated standard deviations. 

As discerned from Fig. 1, the configuration of the 
(CH3PPh3) + ion is quite different from a symmetrical 
propeller shape in both modifications. In the low- 
temperature phase, one phenyl ring (I) is nearly parallel 
to the P-CH3 bond and the other two rings, II and III, 
are inclined by about - 19 and - 6 7  °, respectively with 
respect to the P-CH3 bond. In the high-temperature 

b, 

N~43) II NO5) C(61 ~ 9 )  

O (a) o 

phase, the cation takes two different configurations 
with different probability. In one configuration with 
larger population (0.9), phenyl ring I is almost parallel 
to the P-CH3 bond as in the case of the low-tempera- 
ture phase; however, rings 1I and III are inclined at 

H(22) H(29) 
N(27) ~(-0.001) (-~ p (0.082)gD N(34) 

1142(8)~ 0.97(6)"~ 1 "~/.z,('Jl/1.04(6) 1148 7 • (8)\ C ( 2 2 ~ C ( 7  " /1 :  ( ) C(25)~o.016) ~ Z 2 ~ C ( 2 9 )  (o.o43)/~C(32) 
1.428(7) 1.4/.6(7) 1"427(8)~ 1 ...... ( 7Y '-""~'-'(30 06 )'~ "z A413(7) 

C (24),C)(o'o27) ¢(71~ ~ - ~ r l ~ m  (o.o2o)~C(33) 
1.132(7)// 1.(")3(5~'7 1.34/*(?)~;~;l"/' ~'14~1~5 ' 

N(26)O(0-039) . . . . . .  O ~) . . . .  {o.040)II ~ ) 
H(21) H(30) 

% ON 125 123~ / ~  
~,,.., ~ 113 k,,.,(3) (3)./116 ,-~.7,, = 
'(~Tq, (3) ~ ( 3 )  y'i~i o 

\121.8 121.8/ (4)- (z;~- \121.0 121.7/ 

__ (4~2i7 1k0i6~l;0, 5 1 2 2 . ? ~  i" 

I 

(a) 

H(38) H(45) 
N(43)~x(OO70) O,  C) (0.114)~ON(50) 
1.136(8)\ 1.08(7) \ ,~'~nt~ ~'0.98(6) /1.133(7) 

Ci41)~036) C(3 8 L ~ C ( 4 5 )  (0.061)~C(48) 
1.425(8)\ 1"4 26(?)//'-u'uu(~- 005)~" 4 42(8) /~.427(7) 

" c ( 3 9 ~  -°°'2, (o.oo,~C(17)-- 

1 " 1 4 4 ( ~  ~ / ~1-~01f8~ N~:139(7) 
N(42) N(51) 

H(37) H(46) 

b 

~ , , ~ )  .,~0) < / ---- .. , 

\ NO53 C(6) 8) 

0 o (b) 

Fig. 2. The structure viewed along the b axis. 
(a) Low-temperature phase. (b) High-temperature phase. 

179.1}'~ 1L4 ~ ! 1 2  r"~178..5 
(:6) "k ~w ~ ~ w  /'-" (6) 

(~)2,L4 1 , 2 j , ( 0 4 ~  

II 

(b) 

Fig. 3. Bond distances (A) and bond angles (o) in TCNQ I 
and II with their standard deviations. The numbers in 
parentheses are the atomic displacements from the mean 
plane through the quinodimethane moiety. 
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Table 4. Bond 

P . . . . . . .  C(1) 
P . . . . . . .  C(2) 
P . . . . . . .  C(8) 
P . . . . . . .  C(14) 
C(2) • C(3) 
C(3) • C(4) 
C(4) • C(5) 
C(5) • C(6) 
C(6) • C(7) 
c(7) • c(2) 
C(8) • C(9) 
C(9) • C(10) 
C(10) .C(11) 
C(I1) .C(12) 
C(12) C(13) 
C(13) C(8) 
C(14) C(15) 
C(15) C(16) 
c(16) c(17) 
C(17) C(18) 
P . . . . . . .  c'(8) 
c'(8) . . . .  c'(9) 
C'(9) . . . .  C'(10) 
C'( lO). . .  C•(11) 
C'(11).. • C'(12) 
C'(12). . .  C'(13) 
C'(I 3) . . .  C'(8) 

C(1)PC(2) 
C(1)PC(8) 
C(1)PC(14) 
C(2) PC(8) 
C(2)PC(14) 
C(8)PC(14) 
PC(2)C(3) 
PC(2)C(7) 
C(7)C(2)C(3) 
C(2) C(3)C(4) 
C(3)C(4)C(5) 
C(4)C(5)C(6) 
C(5)C(6)C(7) 
C(6)C(7)C(8) 
PC(8)C(9) 
PC(8)C(13) 
C(13)C(8)C(9) 
C(8)C(9)C(10) 
C(9)C(10)C(1 I) 
C(10)C(11)C(12) 
C(11)C(12)C(13) 
C(12)C(13)C(14) 
PC(14)C(15) 
PC(14)C(19) 
C(19)C(14)C(15) 
C(14)C(15)C(16) 
C(15)C(16)C(17) 
C(16)C(17)C(18) 

1"797 (6) A 
1"770 (5) 
1"769 (6) 
1-793 (6) 
1"390 (8) 
1-391 (8) 
1-377 (10) 
1"336 (10) 
1"359 (8) 
1.380 (7) 
1.375 (10) 
1.397 (12) 
1-386 (10) 
1.342 (12) 
1-383 (12) 
1-366 (8) 
1"350 (7) 
1"373 (9) 
1"334 (13) 
1-392 (9) 
1"90 (6) 
1.40 (7) 
1.31 (6) 
1-41 (6) 
1.57 (9) 
1.40 (8) 
1.33 (6) 

distances and angles for (CHaPPh3) + 

c (18 ) . . . c (19 )  1.387 (9) A. 
C(19).- .C(14) 1.421 ( l l )  
C(1) . . . .  H(la) 0.97 (6) 

110"2 (3) ° 
109"2 (2) 
108" 1 (2) 
109"8 (2) 
110"1 (2) 
109"6 (2) 
119"6 (4) 
120"4 (4) 
119-9 (5) 
117•8 (5) 
120"1 (6) 
121.4 (7) 
119.7 (6) 
120.9 (5) 
118.3 (4) 
122.2 (4) 
119.5 (4) 
118"9 (6) 
120"5 (6) 
119"6 (6) 
120"2 (6) 
121-1 (5) 
120.7 (4) 
121•7 (4) 
117-5 (4) 
122.0 (5) 
121.8 (6) 
118"6 (5) 

C(I) . . . .  H(lb) 1.04 
C(1) . . . .  H(lc) 1.11 
C(3) . . . .  H(3) 1.04 
C(4) . . . .  n(4) 0.89 
c(5).  
c(6).  
c(7).  
c(9)- 
C(lO) 
c(11) 
c(12) 
c(13) 
c(15) 
c(16) 
C(17) 
C(18) 

• H(5) 0.93 
• H(6) 1.00 
• H(7) 1.11 
• H(9) 1.04 
• H(10) 1.11 
• H(I 1) 1"10 
• H(12) 1"04 
• H(13) 1.01 
• H(15) 0.96 
• H(16) 0.92 
• H(17) 0.96 
• H(18) 1.10 

C(19) .H(19) 1.04 
P . . . . . . .  C'(14) 1.73 
C'(14) C'(15) 1.38 
C'(15) C'(16) 1.37 
C'(16) C'(17) 1-30 
C'(17) C'(18) 1-36 
C'(18) C'(19) 1.39 
C'(19) C'(14) 1.30 

H(la)C(1)H(1 b) 108 
H(la)C(1)H(lc) 109 
H(1 b)C(1)H(lc) 108 
C(2)C(3)H(3) 121 
C(4)C(3)H(3) 121 
C(3)C(4)H(4) 121 
C(5)C(4)H(4) 118 
C(4)C(5)H(5) 125 
C(6)C(5)H(5) 114 
C(5)C(6)H(6) 123 
C(7)C(6)H(6) 117 
C(6)C(7)H(7) 126 
C(2)C(7)H(7) 113 
C(8)C(9)H(9) 118 
C(10)C(9)H(9) 123 
C(9)C(10)H(10) 122 
C(11)C(10)H(10) 117 
C(10)C(11)H(11) 118 
C(12)C(11)H(11) 121 
C(11)C(12)H(12) 118 
C(13)C(12)H(12) 122 
C(12)C(13)H(13) 120 
C(8)C(13)H(13) 119 
C(14)C(15)n(15) 122 
C(16)C(15)H(15) 116 
C(15)C(16)H(16) 112 
C(17)C(16)H(16) 127 
C(16)C(I 7)H(17) 120 

(6) 
(9) 
(5) 
(7) 
(5) 
(5) 
(5) 
(6) 
(9) 
(7) 
(7) 
(7) 
(6) 
(6) 
(7) 
(8) 
(5) 
(5) 
(8) 
(9) 
(10) 
(8) 
(6) 
(7) 

(4) ° 
(5) 
(4) 
(3) 
(3) 
(4) 
(4) 
(3) 
(3) 
(3) 
(3) 
(2) 
(2) 
(3) 
(3) 
(3) 
(3) 
(2) 
(2) 
(4) 
(4) 
(3) 
(3) 
(3) 
(3) 
(4) 
(4) 
(3) 

C(17)C(18)C(19) 120.6 (6) 
C(18)C(19)C(14) 119.4 (5) 
PC(1)H(la) 118 (4) 
PC(1)H(1 b) 106 (2) 
PC(1)H(lc) 108 (3) 

C(18)C(17)H(17) 122 (3) 
C(17)C(18)H(18) 123 (4) 
C(19)C(18)H(18) 117 (4) 
C(18)C(19)H(19) 121 (3) 
C(14)C(19)H(19) 120 (3) 

C(2)PC'(8) 109 (1) 
C(2)PC'(14) 110 (1) 
C'(8)PC'(14) 110 (2) 
PC'(8)C'(9) 119 (3) 
PC•(8)C'(13) 112 (3) 
C'(13)C'(8)C'(9) 129 (3) 
C'(8)C'(9)C'(10) 116 (4) 
C'(9)C'(10)C'(11) 121 (4) 
C'(10)C'(ll)C'(12) 122 (4) 
C'(11)C'(12)C'(13) 110 (4) 

C'(12)C'(13)C'(8) 121 (4) 
PC'(14)C'(15) 117 (3) 
PC'(14)C'(19) 116 (3) 
C'(19)C'(14)C'(15) 127 (4) 
C'(14)C'(15)C'(16) 110 (3) 
C'(15)C'(16)C'(17) 124 (5) 
C'(16)C'(17)C'(18) 125 (4) 
C'(17)C'(18)C'(19) 112 (3) 
C'(18)C'(19)C'(14) 121 (3) 

37 and 68 ° respectively; in other words the 'handedness' 
of the propeller is inverted. In the other configuration 
(population 0.1), the handedness is the same as that at 
low temperature, phenyl rings II and III making angles 
of - 2 0  and - 4 9  ° respectively. As shown in Table 4, 
the shape and size of the cation are similar to those of 
the low-temperature phase. Relevant intermolecular 
contacts are listed in Table 5. The closest approach be- 
tween tetrads packed side by side in the (100) layer 
occurs between hydrogen and nitrogen atoms• The 
N - . .  H distances range from 2.48 to 2.80 A. The clo- 
sest N . . . N  distance is 3.288 A between N(51) and 
that related to this by a centre of symmetry at 0,½,½. 
The ne ighbours  o f  (CH3PPh3) + will be discussed in the 
next  section. 
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Fig. 4. Nearest neighbour overlap. (a) molecules I and I', II 
and I; (b) molecules II' and II in the high-temperature 
modification; (c) molecules II' and II in the low-tempera- 
ture modification• 
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Table 5. Relevant intermolecular distances 

The C. • • C and C" • • N distances shorter than 3.5 A and those 
involving the hydrogen atom shorter than 3.0 A are listed• 
Key to symmetry operations 

i - x ,  - y ,  - z  vi l + x ,  y ,  
ii - x ,  l - y ,  - z  vi i  l - x ,  l - y ,  

iii 1 + x ,  y ,  z vii i  x ,  y ,  
iv 1 - x ,  - y ,  - z  ix x, y, 
v l - x ,  l - y ,  - z  

Between TCNQ I and TCNQ II within a TCNQ tetrad 
C(20)...C(44) 3"358 (6) A C(20)'"C(46) 3.475 
C(21) 
C(22) 
C(23) 
C(24) 
C(25) 
C(28) 
C(29) 

• C(44) 3.455 (7) 
• C(45) 3.380 (8) 
• C(37) 3.474 (7) 
• C(37) 3-338 (7) 
• C(38) 3-422 (7) 
• C(49) 3•376 (6) 
• C(48) 3.439 (6) 

c(21).,  c(46) 
C(23).. C(36) 
c(24)., c(36) 
C(25).. C(36) 
C(28).. C(47) 
c(29).- C(47) 
c(30)..  C(49) 

l + z  
l - z  
l + z  
1 - z  

(6) A 
3.298 (8) 
3-328 (8) 
3.468 (8) 
3-488 (7) 
3.299 (7) 
3.493 (6) 
3.281 (6) 

Between TCNQ I and TCNQ I' within a TCNQ tetrad 
C(20)...C(31 ~) 3-452 (8) C(21)." "C(32') 3.415 (7) 
C(22)".C(33') 3.393 (7) C(28)'..C(28 ~) 3.370 (9) 
C(29)... C(30 ~) 3"433 (8) 

Between TCNQ II and TCNQ II' of the two adjacent tetrads 
C(39)...C(48 l~) 3.479 (7) C(40)...N(50 u) 3.418 (8) 

Between adjacent TCNQ columns 
C(46)...  N(43 ~m) 3.428 (9) H(46)... N(43 ~m) 2.48 (8) 
H(30)... N(27 ~m) 2.69 (8) H(22)-.. N(35 ~x) 2-80 (6) 
C(38)...N(51 ix) 3.500(8) H(38)...N(51 ~x) 2.61 (7) 
N(51)-..N(43 ~m) 3.358 (6) N(51)...N(5P ~) 3.288 (11) 
C(49)...N(51 iv) 3.366 (7) 

Between cation and TCNQ columns 

H(7) . . . .  N(50) 2-49 (5) 
H(3) . . . .  N(26 't') 2.66 (5) 
H(6) . . . .  N(35 ~x) 2.68 (6) 

H(12)' ' "H(21 i~) 2"45 (10) 
C(12)...C(41 ~) 3.499 (7) 
H(12)"'N(43 ~') 2"99 (6) 
H(13)" 'N(43 vi) 2"81 (5) 

*H(18)...N(42 u') 2.91 (5) 
H(19)...N(42 m) 2-83 (7) 
H(15)" .C(40 v') 2.98 (6) 
H(16)...C(48 ~'~) 2.95 (6) 

*H(17)...N(35 ~l) 2.92 (6) 

H(lc) . . .  N(50) 2.81 (7) 

C(3) . . . .  H(10 ~) 2-91 (9) 
C(3) . . . .  H(l l  'v) 2.99 (7) 
C(5) . . . .  H(l l  ~) 2-89 (8) 
C(7) . . . .  H(l l  ~) 2-79 (6) 

distance with an asterisk is shorter than the corre- 
distance at low temperature. 

Phenyl I 
C(7) . . . .  N(50) 3•342 (7) 
H(7) . . . .  N(34) 2.90 (6) 
H(5) . . . .  N(34 ix) 2.88(7) 

Phenyl II 
H(9) . . . .  N(34) 2.57 (6) 
H(12)...N(27 vi) 2.94 (8) 
C(12)...N(43 v~) 3.374 (8) 
C(13)...N(43 *~) 3.286 (7) 

Phenyl III 
C(18)--.N(42 m) 3.387 (8) 
C(19)...N(42 m) 3-341 (9) 

*H(18)...N(50 ~) 2-91 (8) 
H(15)...N(42 ~) 2.85 (6) 
H(16)... N(50 ~") 2.90 (6) 

Methyl 
H(1 b) . . . .  N(34) 2.48 (6) 

Between cations 
n(4) . . . .  C(10 ~x) 2.89(7) 
C(2) . . . .  H(l l  ~v) 2.91 (6) 
C(4) . . . .  H(l l  i~) 2.95 (8) 
C(6) . . . .  H(l l  ~v) 2.79 (7) 

* The 
sponding 

Structural change with the transition 
The volume of the unit  cell contracts by about  2 •3 

above the transit ion temperature• This contraction 
is consistent with the observed phase d iagram (Merkl 
et al., 1965). Because of  this very small change in cell 
dimensions,  a single-crystal specimen transforms into 
the high-temperature phase without breaking. Thus the 
reported volume of  the unit cell, 1751 /~3 seems to be 
somewhat  incorrect (McPhail  et al., 1971). Changes in 
interplanar  spacings between T C N Q  moieties are 
shown in Table 6. The interplanar  spacings within a 
tetrad increase by 0.08 and 0.04 A, respectively, 
whereas that  between two adjacent tetrads decreases 
by 0.02 A. The overlapping mode in a tetrad is unal- 
tered, but  the nearest neighbour  overlap between the 
tetrads changes as shown in Fig. 4. 

Short intermolecular  contacts between hydrogen at- 
oms of the phenyl groups and nitrogen atoms of  T C N Q  
moieties in the low-temperature modification are tab- 
ulated in Table 7. There are some short contacts less 
than the sum of van der Waals  radii (2.70 A) at room 
temperature.  Such short contacts are similar to those 
obscrvcd in the crystals of  mcthyl t r iphenylphospho-  
n ium bis-(1,2-dicyanoethylene- 1,2-dithiolato)nickelate- 
(III)(Fri tchie,  1966), te t raphenylarsonium 3-fluoro- 
1,1,4,5,5-pentacyano-2-azapentadienide (Palenik, 1966) 
and te t raphenylphosphonium (TCNQ)~- (Goldstein, 
Serf & Trueblood, 1968). As shown in Table 5, with one 
exception [H(9)- . -N(34) ,  2.57 A], no N . . - H  contact 
less than 2 .70/k  is observed above the transit ion tem- 
perature. However, the rotation of the phenyl ring III 
increases the number  of  contacts less than 3.0 A be- 
tween hydrogen atoms of  the cation with the nitrogen 
atoms of  T C N Q  II and II'. In Table 5 those distances 
with an asterisk are shorter than those in the low-tem- 
perature phase• In contrast to this, the rotation of  the 
phenyl ring II simply gives rise to an increase in H. • • N 
separations • they range from 2.41 to 2-80 ,/~ in the Iow- 
t e m p e r a t u r e p h a s e ,  whereas they are in the range 
2.81 ~2.99 A above the transit ion temperature apart  
f rom H ( 9 ) . . .  N(34) of  2.57/~.  These changes may be 
responsible for the elongation of  the a axis by about  
0.02 A. 

On the other hand  the b and c axes contract by 0-18 
and 0.11 A respectively and the axial angle e decreases 
by about  3 °. The plane of T C N Q  moiety is inclined at 
an average angle of  64 ° with the b axis at room tem- 
perature;  however, this angle of  tilt increases to 67 ° 
above the transit ion temperature.  Owing to this change 
in angle of  tilt and the change in overlapping mode be- 
tween adjacent tetrads, the increase in in terplanar  
spacing within the tetrad may be alleviated, resulting in 
overall contraction of the volume. 

Table 6. lnterplanar spacings in both modifications 
Low-temperature phase High-temperature phase 

I ' . . I '  / within a tetrad 3.24 A 3.32/~ 
I. • .II J" 3.22 3.26 
II. • • II' between tetrads 3.57 3.55 

Difference 
0.08 A 
0-04 

- 0.02 
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Table 7. Short intermolecular contacts between 
cation and TCNQ moieties in the low temperature 

phase(Tsuchiya, Marumo & Saito, 1973) 

Phenyl II 
C(13)...N(26m) * 3.33 (1) A 
H(12)...N(34 ~v) 2.41(10) 
H(9) . . . .  N(42 v~) 2.80 (8) 
H(10).-.C(40 v~) 2.96 (7) 
H(10)...N(26 ~) 2-51 (9) 

Phenyl III 
H(19)...N(42 n) 2.82 (7) C(16)..-H(37 "~) 2.86 (7) 
C(15)..-N(43 ~) 3.30(1) H(15)...N(43 ~) 2.51 (7) 
H(16)...N(43 ~i) 2.86 (10)  H(16)...C(49 ~u) 2.83 (7) 
H(16)-..N(51 v") 2.64 (7) 

• Key to symmetry operation is given in Table 5. 

H(13)...N(26 lii) 2.65 (8) A 
C(9) . . . .  N(42 vt) 3.38 (1) 
C(10)...C(40 vI) 3.48(1) 
C(10)...N(26 v') 3.62(1) 

The disorder in the conformation of (CH3PPh3) + 
ion contributes to the increase in the entropy of tran- 
sition by 2.9 J°K -1. This is still 41% of the observed 
AS of transition (Kosaki et al., 1970). 

Values of anisotropic temperature factor indicate 
that the thermal vibration of the atoms is more vigor- 
ous above the transition temperature. Thus some other 
effect such as excitation of a new mode of thermal vi- 
bration might be responsible for the rest of AS. The 
increase in interplanar spacings in the tetrad may well 
account for the increase in magnetic susceptibility in 
the high-temperature phase. The decrease in inter- 
planar spacing between the two tetrads is certainly 
related to the abrupt decrease in the line width of the 
exchange-narrowed line in the e.p.r, spectrum (Jones 
& Chesnut, 1963). The widening of interplanar spacing 
in the tetrads does not appear to favour the electrical 
conductivity. On the other hand, the decrease in inter- 
planar spacing between the two adjacent tetrads, the 
approach of phenyl ring III to the nearest TCNQ II 
and II' and the decrease in the N(51).. .N(51 v~ti) dis- 
tance of 0.12/~, might all be favourable to the electrical 
conductivity. 

All the calculations were performed on the FACOM 
270-30 of this Institute. The authors are grateful to 
Dr Y. lida of Hokkaido University for providing 
crystals of methyltriphenylphosphonium 7,7,8,8-tetra- 
cyanoquinodimethanide. Part of the cost of this re- 
search was met by a Scientific Research Grant from the 
Ministry of Education, to which the authors' thanks 
are due. 
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