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The Crystal Structure of a Stable Carbonium Ion, 
Tri-(p-aminophenyl)carbonium Perchlorate, (HzNC6H4)3C +, CIO4 
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(Received 22 July 1970) 

The crystal structure of tri-(p-aminophenyl)carbonium perchlorate, (H2NC6H4)3C +.ClOg" has been 
determined from three-dimensional X-ray data. The monoclinic cell, space group P21/c with a= 
8.469 (8), b=21.190 (21), c= 10.371 (12) A, fl= 103.9 (1) °, contains four molecules of the ionic com- 
pound. Observed and calculated densities are 1.408 and 1-426 g.cm -3. Least-squares refinement of the 
structure has led to a final value R of 0.097 for the 1513 observed reflections. The carbonium ion has 
the propeller form, with phenyl rings twisted 27, 34 and 34 ° out of the plane of the four coplanar central 
carbon atoms. The phenyl rings show pronounced quinoid structure. The twist angles are the result of 
steric effects in the ion. The amino groups form hydrogen bonds to the oxygen atoms of the tetrahedral 
Cl0g- ions. 

Introduction 

The present structure determination constitutes a con- 
tinuation of structural studies of triarylcarbonium ions. 
The first structure reported was that of triphenylcar- 
bonium perchlorate (Gomes de Mesquita, MacGillavry 
& Eriks, 1965). The study of the structure of the tri-p- 
amino substituted derivative was undertaken in order 
to determine (a) the possible influence of substituents 
on the triphenylcarbonium ion configuration and (b) 
the influence of crystal symmetry. In the triphenylcar- 
bonium ion the threefold symmetry of the cation was 
required by the cubic symmetry of the space group, 
while crystals of the compound presented here display 
a much lower symmetry. 

In addition the structures of triarylcarbonium ions 
provide information about steric hindrance effects in 
molecules that contain closely approaching aromatic 
rings. 

Experimental 

A. Preparations and analyses 
Three substances were initially prepared for possible 

structure determination. The three compounds were 
(I) crystal violet perchlorate, [p-(H3C)ENC6H4]3C. ClO4, 
(II) malachite green perchlorate, 
[p-(H3C)ENC6H4]E(C6Hs)C. C104 and (III) tri-(p-amino- 
phenyl)carbonium perchlorate or pararosaniline per- 
chlorate, [p-HENC6H4]3C. C104. The structure of com- 
pound (III) is reported in detail below. In this section 
preparational and structural details are given for com- 
pounds (I) and (II) as well. 

In each case the perchlorates were prepared by add- 
ing a 0.1 M aqueous solution of NaCIO4 to a 0.1 M 
solution of the dye, in the chloride form, containing 
l0 to 15% acetic acid. The precipitates of the per- 
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chlorate dyes were filtered, washed with 0.05 M NaCIO4 
solution and then with water, and dried over anhydrous 
C a S O 4  o r  P205.  The products were recrystallized from 
dioxane in the case of (I) and (II) and from absolute 
ethanol in the case of(III). Green needles were obtained 
from the crystallization of compounds (I) and (II). The 
crystals of (III) are described below. Analyses were ob- 
tained for compounds (I) and (III), with the following 
results: 

Compound (I). Calculated percentages for 
[ ( H 3 C ) 2 N C 6 H 4 ] 3 C . C 1 0 4 :  C,  63.63; N, 8.91; CI, 7.53; 
H, 6"36; calculated for [ ( H 3 C ) 2 N C 6 H 4 ] 3 C . C I O 4 . ½ C  4 
H802: C, 62.85; N, 8.14; C1, 6.89; H, 6.60;. Found: C, 
62.7; N, 8.55; CI, 7.00; H, 6.65. 

Compound (IlI). Calculated for (H2NC6H4)3 C . CIO4: C, 
58.8; N, 10.84; CI, 9.16; H, 4.65. Found: C, 59.0; N, 
10.6; C1, 9.05; H, 4.80. 

It appears from these analyses that the crystal violet 
perchlorate (I) crystallizes with ½ mole of dioxane sol- 
vent per mole of the organic compound, while the 
crystals of pararosaniline perchlorate (III) are solvent- 
free. 

The densities of the crystallized substances, deter- 
mined by flotation method, were 1.226 g.cm -3 for I and 
1.408 g.cm -3 for (III). 

The crystals of all three substances were stable in 
air and highly colored with metallic lustre. 

B. Crystal data 
Rotation and Weissenberg photographs were taken 

of the three compounds. The first two were found to 
have the following approximate cell dimensions: 

(I). Monoclinic with a=50.8,  b=8.48, c=29.8 A. and 
f l= l18  °, space group Cc or C2/c. Z=16 .  Dz 
approximately 1.21 g.cm -3. 

A C 27B - 9 
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(II). Tricl inic  with dl00 = 14.3, b = 9 . 7 ,  d001 = 17.5 A and  
f l =  99 °. Z =  4 gives a Dz of  approx ima te ly  1.16 
g .cm -3. 

The crystals o f  (I) and  (II) were not  invest igated 
further.  

The  para rosan i l ine  perchlorate ,  (III) (hereafter  indica-  
ted by P R A )  gave wel l - formed crystals with external  
monoc l in ic  symmet ry  and  wel l -developed faces {100}, 
{011} and  {010}. The  absorp t ion  of  l ight in the crystals 
was too h igh  to al low de te rmina t ion  of  opt ical  properties.  
P re l imina ry  cell d imens ions  were de te rmined  f rom rota- 
t ion and  Weissenberg  d iagrams.  Fo r  the de te rmina t ion  
of  accurate  cell  parameters  a powder  d i ag ram was used. 

It was found  that  powder  samples  ob ta ined  by gr ind ing  
yie lded very poor  powder  d iagrams,  indica t ing  that  the 
c o m p o u n d  decomposed  or the lattice de formed  as a 
result  o f  the hea t  l iberated in gr inding.  G o o d  d iagrams  
were obta ined  f rom samples  p repared  by rap id  cool ing 
of  a saturated solut ion in absolute  ethanol .  The powder  
d iagrams,  taken wi th  a Nore lco  powder  diffractometer ,  
and  Cu K0q rad ia t ion  ( 2 =  1.5405 A) exhibi ted 29 re- 
solved peaks  up to 2 0 = 4 0  ° . Cell  parameters  were calcu- 
lated by min imiz ing  X(sin2Oobs-Sin2Oeale) 2. 

The crystal  data  for P R A  are as fol lows:  

a = 8 . 4 8 6  (8), b = 2 1 . 2 3 2  (21), c =  10.392 (12) A ;  
f l =  103.9°_ 0.1°; 

Tab le  1. Atomic coordinates, anisotropic temperature parameters ( × 104) and their standard 
deviations ( x  104) after final refinement 

All hydrogen atoms were assigned the same temperature parameters, which were equivalent to B= 10.0 for the isotropic expression. 
The expression for the anisotropic temperature factor for each atom is 

exp [ -  (hZB11 + k2B22 + 12B33 + 2hkB12 + 2hlB13 + 2klB23)] 

Atom x y z 
CI 0.0623 (3) 0.0309 (1) 0.2223 (2) 
O(1) 0-0698 (8) -0.0361 (3) 0.2289 (7) 
0(2) 0.1261 (10) 0.0525 (4) 0.1181 (9) 
0(3) 0.1553 (12) 0.0565 (4) 0.3358 (8) 
0(4) -0.0994 (8) 0.0532 (4) 0.1961 (8) 
N(1) 0.5570 (8) 0.4873 (4) 0.3566 (8) 
N(2) 0.7413 (9) 0.0320 (4) 0.4266 (8) 
N(3) -0.1541 (9) 0.2121 (4) 0.7451 (8) 
C(1) 0.3665 (9) 0-2438 (4) 0.4963 (8) 
C(2) 0-4124 (9) 0.3070 (4) 0.4608 (7) 
C(3) 0.2968 (8) 0.3549 (4) 0.4122 (7) 
C(4) 0-3447 (10) 0.4137 (4) 0-3762 (8) 
C(5) 0-5127 (11) 0.4274 (4) 0-3948 (8) 
C(6) 0.6307 (10) 0.3806 (4) 0.4451 (8) 
C(7) 0.5811 (9) 0-3221 (4) 0.4738 (7) 
C(8) 0.4585 (8) 0.1903 (3) 0.4742 (7) 
C(9) 0.5359 (9) 0.1873 (4) 0.3691 (8) 
C(10) 0.6260 (8) 0.1358 (4) 0.3477 (8) 
C(l l )  0.6481 (9) 0.0848 (4) 0.4400 (8) 
C(12) 0.5698 (10) 0.0878 (4) 0.5470 (8) 
C(13) 0.4795 (9) 0.1386 (4) 0.5638 (8) 
C(14) 0.2257 (8) 0.2374 (4) 0.5512 (7) 
C(15) 0-1361 (8) 0.1796 (4) 0.5372 (8) 
C(16) 0.0092 (10) 0.1724 (4) 0.5981 (8) 
C(17) -0.0308 (9) 0.2206 (4) 0.6791 (8) 
C(18) 0.0508 (10) 0.2791 (4) 0.6879 (8) 
C(19) 0.1772 (9) 0.2875 (4) 0.6253 (7) 
H(1) 0.175 0.345 0.385 
H(2) 0.250 0.445 0.340 
H(3) 0"475 0"515 0"340 
H(4) 0"665 0"485 0.400 
H(5) 0"750 0"365 0"465 
H(6) 0.660 0.290 0.520 
H(7) 0.520 0.225 0.305 
H(8) 0-690 0.135 0.270 
H(9) 0"850 0"040 0'410 
H(10) 0"640 0"030 0"400 
HOD 0.590 0-050 0.610 
H(12) 0.415 0.140 0.640 
H(13) 0.170 0.145 0.490 
H(14) -0.050 0.130 0.590 
H(15) -0-150 0.170 0.750 
H(16) -0.160 0.240 0.810 
H(17) 0.020 0.315 0.740 
H(18) 0.220 0.330 0.640 

Bll B22 B33 B12 B13 B23 
167 (4) 20 (1) 124 (3) 6 (1) 58 (3) 3 (1) 
308 (16) 27 (2) 222 (12) 5 (5) 25 (11) 9 (4) 
466 (21) 59 (3) 340 (15) 43 (7) 296 (16) 66 (6) 
597 (28) 39 (3) 191 (12) 43 (8) --114 (14) --40 (5) 
222 (14) 55 (3) 249 (13) 59 (5) 125 (11) 39 (5) 
349 (22) 27 (3) 174 (13) --25 (6) 156 (15) --8 (4) 
208 (15) 29 (2) 155 (12) 11 (11) 62 (11) --10 (4) 
156 (16) 55 (4) 176 (13) --3 (6) 72 (12) 21 (5) 
132 (14) 22 (2) 88 (11) --12 (5) 45 (11) 16 (4) 
147 (13) 20 (2) 39 (8) 1 (4) 29 (8) --1 (3) 
168 (16) 25 (2) 59 (10) --3 (5) 52 (10) --6 (4) 
167 (18) 24 (2) 88 (11) --8 (5) 59 (12) 4 (4) 
233 (20) 25 (3) 92 (12) --22 (6) 92 (14) --9 (4) 
147 (17) 26 (3) 94 (12) --27 (6) 49 (12) --20 (5) 
110 (14) 28 (3) 71 (10) --1 (5) 34 (10) --7 (4) 
86 (13) 20 (2) 77 (10) 0 (4) 22 (9) 3 (4) 

145 (14) 26 (2) 85 (10) - 5  (5) 36 (10) --4 (4) 
140 (15) 24 (2) 88 (10) --3 (5) 28 (10) 0 (4) 
133 (15) 23 (3) 107 (12) 5 (5) 45 (11) --12 (4) 
156 (15) 24 (2) 88 (11) 3 (5) 33 (11) 3 (4) 
142 (13) 19 (2) 68 (8) 5 (5) 28 (9) 3 (4) 
107 (13) 21 (2) 56 (8) - 2  (4) 28 (9) 5 (3) 
124 (14) 21 (2) 98 (10) --5 (5) 0 (10) 2 (4) 
162 (13) 22 (2) 101 (11) -13  (5) 36 (11) 14 (4) 
92 (13) 34 (3) 109 (11) --1 (5) 41 (10) 9 (5) 

146 (15) 29 (3) 80 (10) 8 (5) 40 (10) 1 (4) 
132 (14) 26 (2) 70 (10) 8 (5) 31 (10) 0 (4) 
370 56 247 0 73 0 
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Z = 4 ;  
D x =  1'426 g.cm -3, Dm = 1"408 g.cm-3; 
space group P2dc. 

Intensity data were collected with a Weissenberg cam- 
era using Cu K~ radiation. Two crystals were used, 
one oriented a round the a and one a round the e axis. 
These crystals were ground to approximately ellip- 
soidal shape with dimensions 0.24 x 0.16 x 0.13 mm, 
small enough so that  absorpt ion effects could be neg- 
lected. Data  were collected of  Okl through 5kl around 

the a axis and hkO th rough hk6 around the c axis. 
Intensities were estimated visually. Systematic extinc- 
tions, viz. OkO with k = 2n + 1 and hOl with l =  2n + 1, 
determined the space group uniquely as P2de. For  
Cu K~ radiat ion the absorpt ion coefficient p is 21 cm -a, 
so that  for the crystals used/~r is about  0.20. 

Structure determination 

The visually estimated intensities for each individual 
level were scaled by least squares (Rollet t  & Sparks, 

Table 2. Interatomic distances and bond angles within the ions 

Distances Corrected* 
value 

CI O(1) 1"422/~ 1"44 A C(1)--C(8) 
El 0(2) 1.397 1 "47 C(8)--C(9) 
CI 0(3) 1"361 1.45 C(9)--C(10) 
C1 0(4) 1.412 1.44 C(10)-C(11) 
N (1)--C(5) 1-404 C( 11 )-C(12) 
N(2)--C(I 1) 1.395 C(12)-C(13) 
N(3)--C(17) 1.391 C(13)-C(8) 
C(1)--C(2) 1.466 C(1)--C(14) 
C(2)--C(3) 1.416 C(14)-C(15) 
C(3)--C(4) 1.389 C( 15)-C(16) 
C(4)--C(5) 1.419 C(16)-C(17) 
C(5)--C(6) 1.415 C(I 7)-C(18) 
C(6)--C(7) 1.365 C(18)-C(19) 
C(7)--C(2) 1.438 C(19)-C(14) 
C(7)--C(9) 3.047 C(7)--H(7) 
C(13)-C(15) 2.984 C(9)--H(6) 
C(3)--C(19) 3-005 C(13)-H(I 3) 
H(6)--H(7) 2-6 C(15)-H(12) 
H(12)-H(13) 2.4 C(19)-H(1) 
H( I )--H(18) 2.7 C(3)--H(18) 

Estimated standard deviations in 
C-C and C-N bonds 

in CI-O bonds 

in C-H bonds 
in H-H bonds 

* Corrected according to Cruickshank (1956). 

Angles 
O(I)-CI 0(2) 110.1 ° 
O(1)-Cl 0(3) 110"3 
O(1)-C1 0(4) 111.9 
O(2)-CI 0(3) 106-7 
O(2)-C1 0(4) 106-2 
O(3)-C1 0(4) 111.4 
N(1)-C(5)--C(4) 117.8 
N(1)-C(5)--C(6) 122.0 
N(2)-C(11)-C(10) 121.6 
N(2)-C(11)-C(12) 119-6 
N(3)-C(17)-C(16) 120.9 
N(3)-C(17)-C(18) 119.7 
C(2)-C(1)--C(8) 119.9 
C(2)-C(1)--C(14) 118.6 
C(8)-C(1)--C(14) 121.6 
C(1)-C(2)--C(7) 119.8 
C(1)-C(2)--C(3) 122.8 
C(1)-C(8)--C(9) 122.5 
C(1)-C(8)--C(13) 119.7 
C(1)-C(14)-C(15) 120.5 
C(1)-C(14)-C(19) 120.9 

0"012 A 
0-010 
0"02 
0"12 
0.2 

(Corrected) 

1.425 
1 "402 
1.380 
1.426 
1-425 
1-356 
1"419 
1 '466 
1.430 
1"380 
1.414 
1"411 
1-391 
1 "428 
2.64 
2-74 
2.63 
2"55 
2.81 
2"67 

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(2) 
C(7)--C(2)--C(3) 
C(8)--C(9)--C(10) 
C(9)--C(10)-C(11) 
C(10)-C(11)-C(12) 
C( 11 )-C( 12)-C(13 ) 
C(12)-C(13)-C(8) 
C(13)-C(8)--C(9) 
C(14)-C(15)-C(16) 
C(15)-C(16)-C(17) 
C(16)-C(17)-C(18) 
C(17)-C(18)-C(19) 
C(18)-C(19)-C(14) 
C(19)-C(14)-C(15) 

121.1 ° 
119.7 
120-2 
119.3 
122.1 
117-4 
122.8 
118.7 
118.6 
121.2 
120.9 
117.7 
120.1 
121-1 
119.3 
120-1 
120.6 
118.5 

Estimated standard deviation for all angles = 1.0 ° 

A C 27B - 9* 
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Table 2 (cont.) 
Average bond lengths and angles in the carbonium ion 

Average distances 

Average ortho-ortho distances 

Average angles 

Cll--Cl l l  
/ \ 

Ce--CI Civ--N 
\ / 
C1r--Cm 

Cc--Cr 1"446 ___ 0"014/~ 
CI--CII 1"422 +__ 0"010 
CII -Cii i 1-377 + 0"011 
CiIi-Civ 1 "418 + 0"004 
CIv-N 1"397 + 0"005 

C - - C  3.01 + 0.02/~ 
C - - H  2.68 ___ 0.07 
H - - I t  2.6 + 0.2 

Eli - C i - - C i i  117"9 + 0"4/~ 
CI--CII -Cii i 121"3 + 0"8 
CII -Ciii-Civ 120"2 _ 0-7 
CIII-CIv--CIII 119"4_____ 0"6 

Errors given are the average deviations from the mean values. 

1960) with unit weight for each reflection. Lorentz- 
polarization factors were applied to all reflections and 
then the different levels were correlated, again using 
Rollett & Sparks's (1960) method. A total of 1513 inde- 
pendent observed reflections were obtained with sin0 
ranging up to 0.8. This corresponds to 50 % of all pos, 
sible reflections in the copper sphere. The intensities 
were brought to an approximate absolute scale using 
Wilson's (1942) method. The graph yielded an isotropic 
overall temperature factor B = 2.5 A a. 

Using all observed reflections a sharpened Patterson 
function was calculated on an IBM 7090 computer, 
using the ERFR2 program (Sly, Shoemaker & Van den 
Hende, 1962). From this vector map the positions of 
the chlorine atoms could be readily determined and 
plausible coordinates for the oxygen atoms were found, 
assuming the CIO4 group to be tetrahedral. A three- 
dimensional Patterson superposition was then carried 
out with the C1-C1 vector as translation vector. More 
than half of the carbon and nitrogen atoms could be 
located directly in this way and the positions for the 
remaining atoms were assigned by assuming C-C and 
C-N distances appropriate for a substituted benzene 
ring structure. These positions were then adjusted to 
give an optimum fit with the vector map. 

Structure factors calculated on the basis of the atomic 
positions thus found gave an initial R-value of 0.36 
for all observed reflections. Hydrogen atoms were ex- 
cluded and an overall isotropic temperature factor of 
B=2 .5  A 2 was used, as determined before. A three- 
dimensional electron density map based on calculated 
phases showed well resolved atoms, peak heights approx- 
imately as expected and a reasonable flat background, 
all confirming the correctness of the model. 

Refinement of the structure was carried out by least- 
squares, using the full-matrix program of Busing, Mar -  
tin & Levy (1962) for IBM 7090. Atomic scattering 

factors were those from Berghuis, Haanappel, Potters, 
Loopstra, MacGillavry & Veenendaal (1949) for C, N 
and O and that of Dawson (1960) for C1. Initially unit 
weights were taken for all reflections, isotropic thermal 
parameters were used for each atom and hydrogen 
atoms were excluded from the calculations. Three cycles 
of refinement brought the R value down to 0.16. At 
this point a difference electron density map with all 
observed reflections having sin 0<0.6  and with the 
contributions from all the heavier atoms substracted 
revealed the positions of all hydrogen atoms. They 
were included in subsequent calculations, with an iso- 
tropic thermal parameter B =  10 A 2, but their positions 
were not varied. The R value decreased to 0.147 which 
was the lowest value obtainable with isotropic tempera- 
ture factors and unit weights. 

Least-squares refinement with anisotropic thermal 
parameters for all atoms except hydrogen reduced the 
R value to 0.11. In the final cycles weights other than 
unity were assigned such that 

W=kl/lFol 2 for IFol >_4 Fmin 
w=k2 IFol 2 for IFol <4  Fmin 

with the ratio of the two constants kl/k2 = (41Fminl) 4 so 
that the weight is continuous at IFol =4lFminl. Aniso- 
tropic refinement was continued with this weighting 
scheme, giving a final R value of 0.097 

and Rw= ( ~,w(lF°l-lFcl)2) '/2 
~, wlFol 2 =0.11 for all 1513 ob- 

served reflections. When 600 unobserved reflections were 
included with Fo = 1/½ Fmin (Hamilton, 1955), R became 
0.129 and Rw was 0.123. Positions and thermal parame- 
ters for the hydrogen atoms were not refined. Their final 
positions were determined from a difference electron 
density map. 
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Final  a tomic  pos i t ions  and t h e r m a l p a r a m e t e r s ,  with tances and angles ,  inc luding s o m e  average  b o n d  
their s tandard deviat ions ,  are given in Table  1. Fig. 1 lengths  and angles  in the c a r b o n i u m  ion,  obta ined  by 
s h o w s  the n u m b e r i n g  o f  a t o m s  and benzene  rings in averaging values  o f  the same  type. Table  3 gives Fo and 
the c a r b o n i u m  ion, and Table  2 lists interatomic  dis- F~ for the 1513 observed  and 600 unobserved  reflections.  

Table  3. Observed and calculated structure factors 
. , c o  % % .K  

) )  - ) ~  

, • I ;  3 ,  
o .+ • ) - x  : 
o ) + a s  - l +Z  + 

z~ -aa 1 
o ) )  - a )  i 
• o z )  a6 s 

o i a~l - z )  i 
o a ;1,,+ -a~z i 
o ) 1 ) 6  Lq2 1 ) 

o zo+, 1o <) s 
o 6 ' ,  - ~ 8  

' ~II  -o + I ' '+ 

°o I g  . . . .  , ,  , 
0 . % 
o 
0 
o 
o 

~o  ' .9 x 
• ) -~o  t 

• z~ - zz  I • k+ , 

-I<) - i  

++ ++ ++ 
- i  ) s  ) a  

I+'? . . . . .  ++: " xo~ . :  zo • o 
~s - z l  i s ]  - ~ s e  

i++  +++ -1  ?6 - ? )  

1,' !i 
+', - -  -I . . . . . .  ,, ,,' 

.d,~ "+-+' 
+,o • ~,o 

I¢+ I .  ~"~.. '~z H K t.. 'Pa +It-+ H K I .  ~ 1"+ H R % "~+ . / +I"+ % ~ K 

" ,, . ~  ' . . . . .  ,,, ,,o : ~ ' )  ',i! . . . . . . . .  . . . . . . .  , . . . . . . . . . . .  ,,~: -.-+" + 

. 4 .  : 
i ,o I ;  : 

zv  ),+ ,, 
~0 ~.~. - 1+  

.o, : ;  , , ;  . 
,," I +  + : ;  " ; < ' I  - I ;  " 

,++: . . . .  , ,  : |  + + :  :~ ; ;  • 
. . . . .  : I  ; , ,  . : ;  t 
+z ,ze • , ,  ;++ : ;  : , , ;  . .  
- : ,  ,+ ; :,+ ' .  

. . . .  , +: , ,  , . . . . .  : 
"+i - + , ,  + < o + - a  • i s  - )  

l z o  - 21 )  ~o - 1 .  - )  6 
- )  o i a 6  . 

. . . .  : . . . . . . . . . . .  :++ " : ; , , ,  ++ ;o ;p q 101 • q  - ?  10 ?+ 26  - | oo  
l os  

<"+'+ ": !i a z 8  - ~ e )  

' J~ ::;! il 

? ~'+o - i , 1  ? 

. . . .  +' . . . .  ++ . . . . .  ',; , :H "+4 :} . . . . . . . . . . . . .  ,+: 

. . . . . . . . . .  , ,  ,+ - ,  +' I~ ;,+~ 
',+ +~, :+ +' ;+, . ; ;  

+ .~+, 

c v  -~  

- )~  

,', * ' ; : i i  :~ ! i! :~ 
' 2 ;  '-+~ :~ ++ +,; I :  

c "R ~ .  H K "  1'. '~. 
I ++~ ..-" 2 ; ~ : :  I+' 
: ,,+,' : i  : :  : +, . . . .  ,+ ,, :, ++ -;;,, - ' + ' ,  ,,'°,+ :: 

i . . . .  - , : +  - , 
,.o , . •  . . . . .  + ! i  . . . . . .  
s , )  ) o  <1 ,  - )  

) 6  - ) a  

• i~ '+' ' " . . . . .  " 
! l o e  - g e  z , z  -+o  

! ~: .ii ' i !  <!! ;~ <<+: :+, - . : ~  ': -,: 
. . . . . .  : <~,: -:: 

,+ <t: ;: ~+ ] ,,+ .~,+ 
+' <:" ' i :~ ;) :: 

< I ;  -+o 
6 <11,  - i x  -+, I o  +_ ) z  eo ,o ; < - ,  .,o 

,+s 5 
: 1 ) ?  6 0  + ?  

1~.: - X I 6  z <~,o - )  -1  

'+ ' I ,:g 41+ + :I . . . . . . .  
. . . . . ,  ." I+'. 

;,1, . t ,~  
z )  ?o 

• ) - )  ~ 6o - 6o  _ i  

. . . . .  i !  i! +: . . . . . .  
~e  - ) 5  < ~o ~ )  

o - :  6 xo + )  s,: 
. . . .  <,?~, +, :+I , +  - ,o ;  : I  , ,  . . . . .  - ,o ,  

. . . . . . . . ,  o +:-++ +! . . . .  + <+: . ,+  , ~ . . . .  +: -'+, 
e i s  i 7 o <e  - ,  -1  < z o  -s 

6 1,1 .+;5 8 1 ~ '  . . . . . . .  e 
- ) +  - ~  ~o , ?  - ' , ,  ! . . . . . . . . . . .  : . . . . .  

< X 6  ~ )  z a1, -?+  : ee v ;  
< • ,+ i ~' 5 ~+' "~+' - z  ao ,~ . . . . . . .  ,+ :~+ _, 

° '  ~ { "  i ° o , , . ' o  . . . . .  - ,  
e • i , ,  t e 

: +  <+,++ , ;  : t+ +i -i 
-1  

o° ,' ": "' " <<I: : : I  
o ++ - z z  9 a,~ z+ 

. . . . .  I:  , - ,  
11o - ~ x ( ,  - x  <:: -;: <~! : ~  -,, 

+,, - a9  
1o < i ~  ) - 1  

+' ++ :+, I t  :,' 

- 6 '  6+, -a  
31 r l  -~  10 

? 

a 0  - z l  
Z6 so - z  

? , s < : o  3 - z  

s za -?+, 
zo  - : s  -a  

e io + -+  

, g ;  ' I  : ;  
o I :  ];  :++ 
, < ; :  .,,+ .,-' 

< 6 - ~  - a  

2+ .+,~ 
s )  .~e 

< 1o - •  

,o I:  -g: 
q,) - , ) i  
i +  - i s  
+,~ - + i  

+'.+ I +  
' " <2 ;,o 

i o?  va 

, I  ; :  . . . .  I '  - ' )  : I  
37 "?6  a~ az 
a,, e ~  

I [  2 ;  
z .  - z ^  
?o -~ •  

< x++ - v )  

- l z  
~o i o  6 

0 

1, 

++ 

7 

0 

i , <,+ .,0 

-,, . ::.,o : : ::-:: . . . . . . . . .  ,o : ; :  :,' , " - "  " . . . . . . . . .  
-+ + )  ) ~  

" : I  : ' +,g " . . . . .  : ' 2 <~:  ; ;  ',', ~ . . . . .  
, ,  ~ , 3  . ° . . . . .  <~, 2 -+ <++ + '  . . . . .  < f f  . . . . . . . . . .  < : z  -~  - )  * 

. . . . .  - ,  "P I z ° -zx" : ' ++ -+'  ' ' ~ , a  ; . . . . .  
ao 2+ - )  ) l °  ~ )  , , . .  ~z _ ~  , e  . . . . . . . . . . .  ,,;~ <,, -'~ 

, " I ;  . . . . . . . . . . . . .  - . . . .  : I :  - 1+ -11  7. :~ - -  I " . . . . . . .  '+ ° "+ 
16 

~o  Z9 71, "?~ ) ~  . ? , ,  - , )  ~ s  )+) ~ ~ • : 6  ? - "  : )  • < 11, - )  
. 11 - Z 6  . . . .  : ,  , ~ ,  .,++ ++ o +, . . . . .  - , , ,  +' h + , ,  

< ~" .t+ i )  ) ao + i  

+,; , ,  ,, . I; : ;  21t 11 

.... if++ ++ ++ +++ <' ' :  
'T I ;  
a l  19 

. . . .  :,,,, . . . . .  :++, <+: -+.: 
: :  : !ii~ <i+ ;+ . . . . .  < , ,  

-,,. <.~6 . . . .  • " ) . . . . .  : , ,  
' t ;  " - i 1  

< "  I :  : " 1 +, :+" . . . .  : ? "+ - z v  e . . ~ z  

,o : I ;  , <T~ ' ;  2 1 '  I ~ I~  : ;  
• ,o ;+ ,++:  . , ,  ? , , ~ , ,  <,+ . ,  - , , ,  < : ' . ,  

,,~: -;;.,, ! ,o+ ,+I+ + -,-I+ + I:  ~'++ 

0 2 10 19  
o 
o • : , .  z~ 
o 8 i s  az 

i • l Z  ; ,, :+'; 
< v --6 

*° l :  " "  :I '° +'I -,  x l  + s  , ,  + . . . .  - ,  
i i  < ~s  - , ,  - :  2 

- i  

i - i ~ +  -i 

Ig " .~' : I  

~+ +! i 1i " :' ': 
i +  -1~ lOS  - '>~ 

. . . .  ; : ~ 2,+" 2 -  + - ,  ~l -~1 
* z  )a  ? • • 1o 6 - z  < s - :  
61 "9  z i o  +,9 ) s  -a  
.+1 " 6  a 10 v s  -~,s - z  

,i i ~o  ~1~ a 1o ~ i  ) i  - a  ) z  - 3 )  
< ~,+ -1  a 1 ^  ) l  as -a  < xo 

<~'o " "  
i ao 18 a 1,'+ 

,o <~++ ' ~  , , ,  
Io o . . . .  ; ,  , .+" 
i o  , ? 11 

11 +,o 2 ~1 

i i  , c + o  i z i ?  

" f :  " ' t  ' " • a l z  

b+ . . . . . . .  
17 

. . . . .  i! ,) 

. <' , '  , ;  :I" +: 

i • l a  - .~ 

),. - ) 6  

. . . .  :~ ,o l,o - , ,  

. . . . .  '+ " " '  ~ '+'o' "'+' . . . . . . .  . . . . .  , -d,, : ; I ~  
- z +  

. . . . . .  In, . . . . . . .  " - . + ,  - a  - 3  1o  -++ ++ +'; I"+ 2, . . . . . . . .  - ,  ,o " :2 : : ;  ,o 1 o l a  
< 1 ;  ,6 -, ~o ) , :  , , o  . . . . .  12 

: , + . ,  :: . . . . . . .  !, + ,o ++I ~+ ; o 
- : l  - z  lo 

<,~ .,,+ :++',~ < ,  , ~ , ,  
as -.+6 11 

7, 2+ + :+",o ' J: I '  ,, 
~,,~ :~ ,o 

"+ t '  .,+' " 
! + : +  ]+:+ . . . .  : ++ 

. , .  It ' .]+o . . . .  

o z o  61 -TZ 
o ++o ,,+ -+ i  
o :o  5;+ . .~  
o lO  1+, 
o i o  ( 11  - i  

. . . .  o ,o ',++ ;:  
o i o  < ~6 ~e 

~ < ~ s  • 
e I I  6 6  6 )  
+ 
o ~+ < s o  ) 
o 11 ) s  3+, 
o 1+ + )  - ) z  
o i t  < i )  = s  
o l a  ~o? :o 'P 
o l z  i , .  i 

l z  <zo  - ~ e  
o t z  ) +  - ) e  

: I :  <~;  +: 

o I I  <~I  -k+ 
c, 13 
0 11 6 | 9  - | ?  
o , ,  ,,: +o 
• 1~+ • -~o  
o 1,,  ) s  s ~  
o +.,, z < i s  - 1 •  

,+ ) i  -+~  
o i , .  41 -+,~ 

oo . . . . .  +,~ 
+s aa 

o ,+ a • ,~ - ,  
o I+' , , ,  ,o z :  i+  

++ II + ;++ : ; l  
o 16 ~o -as  

o +++ 6+ "+'• 
o 
~ I~  , < l l  :',+' 

* | 

. . . . . .  : ,  . . . . .  + + -  

:+' : ' + i + +  : : " :  " <+ . . . . .  ,%, ; ;  tt  :+ :++ 

. . . . .  : l  l} . . . . . .  : l  

. +o ' %  . .  } "  -+ , -  

i~ " 
<,,, :: . . . . . .  : . . . . .  : ! , ,  

<~ :  -~ z 2 "  a l  - a :  < +8 -+  

:3 - , .  :+ ,, 
,, : l ' , :  ,+~ 3,t +~It , "~+' ;~ ,, 

1,m -e+o o1 i1, ?8 ?+ .+ ? )  78 -2  i~1 

. . . .  l+' : l :  ; ',++ %' -',' : :  I :  
< ta  -9  -1  i ,  2 1 ,  < 1 .  
< i t  ~ - 1  2+ < ? o  - +  ~ 1 )  ++ + ,  - +  i s  

+'?,o -;'-+: : l l ;  < ; ;  ' :  ; l :  :+' k + : ; l :  
a)  -+ )  ++ - 1 :  ~ i +  ?~ 15 

<~,+.,, -: .,-, <;, , , ;  .,,; . . . . . .  

. . . . . . . . . .  ii !! !i o z )  , , s  , , )  - t  2e < ~  . = i .  < l ~  - + I  - a  i o  

o 1"., +. < i +  - +  i ~s  + +?  15 . ~  +)  - ?  26 0+,. . . . . . . . . . .  .+o, ++ :+ . . . . .  :: . . . .  ' :: . . . . . .  ++',: :: 

. . . . . . . . .  +i+ . . . . . . . .  :; 
o 11+ ~<) 
o l e  ~ ~o - ~ , ,  .+ . , I  . ? ,  ~+ - ~  - ~  

. . . .  ; +': 3 :  :g o l e  a+ 
o is .+ - ~ s  ~o 

. . . . . . . ;  < : '  ' +  " . . . . . . . . . . .  ii o +i~ ++9 , ?++ + , +  a z+': <+,1 +,, - z  ,+m - . )  ? ? ~  • < ~+ , -a  
019  ) I  ?? < ; +  + ZZA  ; ] b  - I )  -Z  tO 

o i v  

~1 t 6  ~+ i+, - : 1  a ?1 ? ~?  a+, - z  i s  
0 19 1 I. ?? 

. . . . . . .  - , ;  , , ,  " '" , ,5-!!i i,, . . . . . . . . . . . . .  .:+' ,: - , * ,  ?+ - z  +9 

++o :,++ , , ,  
• i )  + .•  - . :  , ,  

< +  i s  

- t °  I s  

< '0 , , I :  

' °  b '  

,o" -+,1 I i  
< i o  1 15  

~3  z •  t ~  
i+, - + , ,  i +  

< l z  -1, i s  
~') a,+ i s  
1,1 - z+  1+, 

l )  - t o  ~6  
+s -+ )  16 
, ) )  - a s  1+, 
) , )  + )  16  

< i z  • 16  

I +  - 1 3  I )  

. . . .  I:  

< "  71 I: 
< ++' 1 e < l a  -~, 

se <~  ~,,, 

• I :  - I ;  '°  < l l  
- , , s  ao 

< i z  s 

+9 i 1 

• • -+, . )  

zz - zs  
)o 

6 < : l z  • 11 

++' . . ,0 : ;  
• - 5 1  : i  

t :  .," II 
. . . . . . .  II a)  - z a  

,+,~ +_; . . . .  

< ; '  ,; :ll+~ 
a() -,+e - s  12  
~ z  - s  

<<,+ , ,  : I , , "  
<~11 I 0  - 3  l~J 

I v  - i ; '  - , i  :,+ 

:!t :+ !++i ++ :+i 
i3 -+', +- ! ! + +  <=:~,, -:+ 
++ ++ .... <~;  - ' ;  

i s  i )  2 '  
< ' +  

. . . . .  : '  i+ . . . .  : " : :  < ;  " "  + . . . . . .  : I :  o ~ , ,  
< :  - , l  :1 < ' , '  ;+ 2 ,~ ' •  " 
• Io - , ,  : l  " """  
. . . . .  : ,  ,,: < , ,  . . . . . . . ,  : ,," .1o 

z )  - a l  - 1  v+ - , o  -,~ I o  ) i  

. . . .  < go + -.+o,e -,-" 2 
++1 I :  l+ +%, - , ,  

~,) 6 ' .  - 1  i }  
+o +,o - +  s,+ 

z+ ;+  - )  ] 6  

. . . . . . . . ,  k + 
' ;+',+ 1 1  - '  I+ + 

( i .  - ) i  . )  
. . . . . . .  I ;  

~o 

~ :  - i + ,  
+3 <,+ ¢ : l  I :  

< : )  -o  - )  : v  

< i )  s - s  1 9  

- "  :o o - 2 5  - ~  

<l+ ,+~ : l ,O  a •  
av ~e - 3  z •  +.++ . . . . . . .  
,.~ - , ,o  . o 
+~ . .  ?, o 

- + o  o 
~o +1, ++ . ,  o 

Zl  -az  -+. 

. . . .  I? - .  • + 3  

<11 . . . .  ,o 

P . .  

z •  - 

+. < i ~  - o  
a~+ - ] 1  

I , ,  _ .  2 
i .  : )  

i < t :  " ~  
< i )  -a  

: . . . .  <.- + + .  

- T e  
. , )  a ,  

• ?;, - ~e  
5 +,) 55  
(, . 6  - , v  

i <16  - 6  

~,+ ; .8  
, 11 . 

9 < 1 6  -~e 

; 2 

, -ii 

i l  . . . .  +3 ::~ 

i ~1 60 * o  
I i i+' -1 ( i  

i i  - z o  
) )  ) 5  

I :  . . . .  a )  2 ~  
• ) o v  

< 11 - 5  

< l )  : 

a 16 19  
) • ;.  

• ~ a z  - z •  
s zv  - a 9  
6 ,C2++ a 

: I '+ " "  
, • Io 1 t 
s i ).~ I,+ 
5 Z +~, z z  

<!i -+ i z - z l  ++ ... .  
<~  • 
<1o  -~  

: !  . . . . .  
e ,+ a |  - z l  

ao - ;  n ~1 - 1 .  

. . . . .  . . . .  ° "  I;I'+ 1~.I++ -' ° + <1~'" '".I + ' " +'++ ''++ ; ~; ~ ~< ',~ '++ I . . . . . . . .  .++l '2, : I , . . . .  . . . . .  '-" " ++'+ <7+'~ -I: I++ :" I~ < "  . . . . .  " 
. . . .  ~ ,  , ,  . . . . .  I :  ' <2:  - I I  : l ' '  +tl ,:+, : I <7 ,  ;-+ . . . .  

+o;: + ;++ . . . . . . . . . . .  2'+ '~ -~ ~+ . . . . . .  :+++,+ ,  . . . . . . . . . . . . . . .  I '  . . . . .  : <<I: ::  : +' " -:1 

+'+ " . . . . . . . . . .  i i i  ; . . . .  
: . . . . . . .  i ++ . . . . .  ++ i+ . ' . . . .  : o l+  ~ i  • o ' - )  -'+'+ - )  • 



1410 C R Y S T A L  S T R U C T U R E  OF T R I - ( p - A M I N O P H E N Y L ) C A R B O N I U M  P E R C H L O R A T E  

Table 3 (cont.) 

o a'~ • ,  - s  
i 11 , ,  - s  ~1 ) o  - )  l z  + 

$ 12 • ( I S  4 . $  35 - } ¥  - 5  12 

i i: ' ': . . . .  <<1' -: . . . .  + ¢ I • - 5  1+ - - 5  1~ 
5 I )  1 .  - 5  10 • 1 3  • - 1  l )  1 1 . . . . . . . . . . . . . . . .  ; 
• t,i ~o *$  ) )6 - ~ 5  -s I s  ,+ ; I; . . . . . . . . . . . . . . . . . .  ) . . •  ,-.+a - )  . .  z z  zo  - s  13 ,1 

1 1 )  "~ - s  5 ) 5+ ~+ " " 
s i *  s i i  z o  - 5  6 z ~  - z ,  s 1 

1 ,  • < 1 . .  . .  - s  5 • • ~ . +  - =  - s  1* ]l .p, _; +,, <;; ;~ . . . .  
~ss z < l ,  - s  - $  6 • a ,  - 36  -~. 15 

) t .  - 1 1  - s  • • 31 - 3 1  - s  i s  • 
I s  • 15 - 1 •  " 5  • $ ' . •  • 9  - s  15 p . . . . . . . . . . . . . . . . .  

1 i s  l •  - 5  • 31~ - 3 5  - S  l 'P 
-~* i I I  • •  -5 

: :; -,; :; , 
), -53 :I 

) 19  16 - s  

¢ ,c 11 • - ~  

a 1o c1~  - ,  - s  I 
i < t ~  o - s  

• , , "  -', :I ; 

• ) <II 'l :I " I ,  . . . . . .  ! l 
, <'I~ 11 :, 1, 

a,~ - 15  - s  

_ •  11 
$ • ~ 1 4  11 

l; 11 :II- ' t 
ii - s  t •  1 ~ 

z •  =11 
,,o 33  l, s 
50 -~i "'+ii 
z l  - z , ,  

l ! :ll I I : 
II . . . . .  ,' =1o ! 1 

II 31 '+ 
) •  - 3 •  6 1 

. . . . .  i i  • t z  - 8  • 

36  

< 1  

<13  

<ii 

II 
21 

<I; :II 
31 - 3 ~  

• 16 - 1  
- 3 1  

8 

- 5 1  
< 1 •  

: 0  
<13  t 

t |  

*1 - ) 9  

le, l o  
V: ,! 

X, 
< 23 . ~  
1 1 1  

, <Io 
- 30  6 6 16 
- , . s  <1.~ 

I +, +' ; I; 
-q l~ 

, ,  , I 3 , ; l  } l  

-1 '1  

I ;  

- I o  

11 t h* <II _-,,, + .  <,3 
-,0 t II h 

1 .  1 !  < 1 ~  

-g , ! I " I  
:II : II l: 

6 I ~  39  
I "  < 1 5  

:i " 
~ll 

i !i 

~, - , " '~"  ,,~° ;: , , , .  ~. ~, , , ,  ~ . ~ .  ? _ ~  ,,,~ .._,. - , " " " ,  ,,,r" . ~ . .  -, 

-"+._ i i  . . . .  ,, ,, +' . . . . . ,  

i -  - 1 1  - T  16 23  n < 1 7  - 1 3  - |  * < e  5 
14  15 - 1 7  - )  18 - l l  | ~6  • 1  - i  9 

- zo  - ' ,  z~ z'~ ~+ - 2n  -=  ~+, l z  - z , ,  

,; J; . . . . . . . . . . . . . . . . . . . . .  

< ~  - 1  - T  1+ 1+ i e 2 1~ i •  - *  13 

"ill . . . . . . . . . . . . . . . . . . . . . . . . . . .  

? 0 ¢ 1 1  6 - ?  ! ! ¢ 1 3  - $  - $  o 6 < . 1 2  - 8  - 0  i s  12 19 
t 1~ - 1 +  ~ ?  e a ~+ - -  - s  1 i < t ~  o - *  16 11 - 1 1  

9 ¢ 1 1  l o  

I+* "' i . . . . . .  " . . . . . . . . . . . . . . . . .  ; " I  , '  
) ,, 1~, - : *  -'~ ", ", <~.,, ~ - n  z z z3 ;,7 . )  
v 1 .  11 - ~  < 1~ • *~  • i t  - l +  11 

. . . . . . .  < . . . . . . . . . . :  - . . . .  :I .-," I ;  :: ,, .,, 
z -~, I • ,,5 . . , , ,  ~.~ . , ~  - )  +.o z,,  z~ - e  < : l a  l o  .~, i v  • •  

: :~ : i  <{{ :: , ": -: -~ :} i "11 4 
: *  - ~ o  . . . . . . .  lo* :X + , ~I~ -'~ ,, ;~ -It -. <11 . . . . . .  • <1, 

a ~  - +  ,, a ,  - I ~  . . . . . . .  !! +;  . . . . .  ! : :  :~ " ;: 

• , 11 
- 6  

.;', :+':11;I, . . . .  . . . . . . . .  <1, -'t . . . . . . . .  I~ -'~ -'- . . . .  . . . . . .  " ,'",, :+, -,:: ," < i i - ' :  : : , ,  I I - I '  
JI . . . .  : <11 -, . . . . .  ., ., 

<iz - ,  

. . . . . . . .  :: •Io' - "  
"' --!+: ; "+' .~; : ~ + :  . . . . .  5, . . . .  -, ":~ ~:!~ i i i  . . . . . . .  : :  <;1 ,; 

! !  < - i i l l  ~1 1; 

Description of the structure 
. .  

A. The two ions 

The crystalline material consists of  tri-(p-aminophe- 
nyl)carbonium ions, (H2NC6H4)3C + and perchlorate 
ions, C1Oz. The projection of  the structure along the 
a axis is shown in Fig. 2. The C1OZ anion is tetrahedral 
as expected with O-C1-O angles ranging from 106 to 
112 °. The C1-O distances, after correction for the riding 
motion (Cruickshank, 1956), have an average value of  
1.45/~. The carbonium ion has a propeller shape. The 
carbon atoms C(1), C(2), C(8) and C(14) are coplanar, 
the largest deviation from planarity being 0.006 A (see 
Table 4). The angles around C(1) are all close to 120 °. 
The individual benzene rings are planar (Table 4), de- 
viations being within 0.02 A for rings I and II, within 
0-03 A for ring (III). The amino nitrogen atoms lie very 
close to these planes, with deviations of 0.03, 0.02 and 
0.07 A for rings (I), (II) and (III) respectively. The three 
benzene rings are twisted out of  the plane of the four 
central carbon atoms by angles of  34 ° [rings (I) and (II)] 
and 27 ° [ring (III)], all in the same sense. 

As can be seen in Table 4, which gives equations for 
all the pertinent planes in the ion, the carbon atoms 
C(1), C(2), C(8), C(14), C(5), C( l l )  and C(17) are not 
quite coplanar, so that there seems to be a slight ten- 
dency for the benzene rings to be bent out of  the plane 
of  the four central carbon atoms, all in the same direc- 
tion. When the nitrogen atoms are included in this 
least-squares plane calculation this tendency shows 
even more strongly. 

B. Thermal motion 

Mean-square displacements in the directions of  the 
principal axes of  the thermal ellipsoids were calculated 

for all atoms. The chlorine atom has relatively low 
thermal motion, whereas the oxygen atoms, especially 
O(2), 0(3) and O(4), have high displacements in direc- 
tions perpendicular to their respective C1-O bond direc- 
tions. The CI-O bond distances were corrected for this 
riding motion. The vibrational ellipsoids in the C10~- 
ion are shown in Fig. 3. 

Vibrational motions of  the carbon atoms in the PRA 
cation are much smaller. Although the atoms in each 
individual benzene ring (including the nitrogen) all 
move in about the same direction, the carbonium ion 
as a whole does not display any pronounced rotational 
or vibrational motion. The ellipsoids for the cation 
atoms are shown in Fig. 4. 

• H ~ H ( 1 6 )  

H ( 1 4 ) ~ H ( 1 7 )  

H ( 1 3 ~ H ( 1 8 )  

THC12) [C (1 )  ~,H(1) 

~ H (2) 

H ~ )  ~ . H  (3) 

H(9) H(8) H(5) H(4) 

F i g .  1 .  N u m b e r i n g  o f  a t o m s  a n d  o f  b e n z e n e  r i n g s .  
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C. Packing of the ions 
Because of  the molecular dissymmetry of  the propeller 

shaped cation it can exist in two forms (enantiomers 
1 and 2) which are related by a mirror  plane. Each unit  
cell contains two of  each of  the enantiomers.  

The carbonium ions are stacked in layers parallel 
to the (102) plane of  the crystal. Within each layer a 
carbonium ion is surrounded by four mirror  images. 
Along the c axis the ions are stacked on top of  each 
other with al ternating enantiomers.  

The C 1 0 ;  ions form zigzag chains along the c axis. 
The shortest interionic distances are C(19)-C(9)= 

3.49 A, N(1)-N(1) = 3.38 A, C(10)-O(3) = 3.37 A,, N(1)-  
0 ( 2 ) = 2 . 9 8  A, and N(2) -O(4)=  3.05 A. These distances 
are indicated by dashed lines in Fig. 2. 

D i s c u s s i o n  

Some interesting conclusions can be drawn about  this 
structure and valuable comparisons can be made with 
results of  determinat ions of  other carbonium ion struc- 
tures. 

The framework of  19 carbon atoms forms an extended 
conjugated system, in spite of  the twist angles of  the 
benzene rings. This can be concluded from the average 
distance from the central carbon a tom C(1) to its three 
neighboring carbon atoms, C(2), C(8), C(14) of  1.446 + 
0.014 A, indicating appreciable double bond  character. 
For  comparison the single bond distance between two 
sp 2 carbon atoms is 1.47 to 1.52 ./~. Also the benzene 
rings show pronounced quinoid character:  C I - C I I =  
1.422 + 0.010 A,, C I I - C m  = 1.377 _+ 0.011 •, C m - C i v  = 
1.418 +_ 0.004 A (average bond lengths). The C - C  bond 
lengths in this conjugated system can in fact be com- 
pared with empirical values calculated using an expres- 
sion proposed by Cruickshank (1962) 

1 " 3 3 3  p 

r c - c =  1.477-(1.477-1"377) 0"333 p +  1 

where p is the rc bond order and r the bond  length in/~.  
The bond order can be estimated simply from the 
possible resonating structures I to IV and assigning 
equal weights to each: 

Distance to plane 

Distance to plane 

Plane 4. Plane containing ring I 

Table 4. Planarity of the carbonium ion and the benzene rings* 

Plane 1. Plane around central carbon atom, containing atoms C(1), C(2), C(8), and C(14) 
0.5882x + 0.1048y + 0.8019z- 5.8346 = 0 

C(1) C(2) C(8) 
Distance to plane]" 0.006 - 0.002 - 0.002 

Plane 2. Plane through the carbonium ion 
0.6035x + 0.1127y + 0.7894z- 5.9193 =0 

C(1) C(2) C(8) C(14) C(5) 
Distance to plane - 0.041 - 0.027 - 0.041 - 0.079 0.057 

Plane 3. Plane through the carbonium ion including the nitrogen atoms 
0.6078x + 0.1201y + 0.7849z- 5.9801 = 0 

C(1) C(2) C(8) C(14) C(5) 
- 0.076 - 0.048 - 0.079 - 0.123 0.062 

N(I) N(2) N(3) 
0.049 0.091 0.101 

Distance to plane 

Plane 5. Plane containing ring II 

Distance to plane 

Plane 6. Plane containing ring III 

C(14) 
- 0.002 

C(11) C(17) 
0.018 0-004 

0"6489x- 0"3466y-t- 0"6773z- 2"9961 = 0 
C(14) C(15) C(16) C(17) C(18) C(19) 

Distance to plane 0.024 -0.004 -0.025 0.032 -0.013 -0.015 

Angles between normals of pairs of planes, numbering of planes as above. 
Planes Angle Planes Angle 

1 4 34"2 ° 4 5 57-0 ° 
1 5 33.8 4 6 55.2 
1 6 27.3 5 6 50.5 

* Equations based on Cartesian coordinate system with y along the b axis, z along the e axis, x perpendicular to yz plane. 
x, y, z in units of/~. 

5- All distances are in A. Atoms with negative distances are on the same side of the plane as the origin of the coordinate 
system, those with positive distances on the other side. 

0.8150x + 0.4357y + 0.3821z- 6.3524 = 0 
C(8) C(9) C(10) C(11) C(12) C(13) 

- 0.003 0.012 - 0.015 0.010 - 0-002 - 0.003 

C(11) C(17) 
0.062 0.069 

0"0575x + 0"3130y + 0"9480z- 5"9574 = 0 
C(2) C(3) C(4) C(5) C(6) C(7) 

0"006 0"012 -0"019 0"010 0"021 -0"012 
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0(1 ) ~ = =  

N 

N 
I(8 structures) 

_ 

~ o J ~ ~  - ~ o ~ ~  ~ o~, 

0 bI2 

Fig. 2. Projection of the structure along the a axis.  

N 

N N N 

1I(12 structures) 

N N N N 

III (12 structures) IV(24 structures) 

Bond p reale robs (average) 
Ce-Cz 16/56 1.428 1.446 
CI-Czr 20/56 1"417 1"422 
CII-CIII 32/56 1"387 1"377 
Cm-Cxv 24/56 1"407 1"418 

) 

c 

cl ""~'-  o (i) 

0(2) 

0(3) 

/ 

Fig. 3. Ellipsoids of thermal motion of the perchlorate group. 
Values given are root-mean-square displacements along the 
longest axis, in A. 
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The agreement is quite good, with the possible excep- 
tion of Cc-CI. The high observed value for the latter 
bond length is to be expected, however, since for these 
two atoms the sp z planes are not coplanar as a result 
of the twist angles of about 30 °, and thus the overlap 
of the zc-orbitals is decreased. 

The angles of twist of the benzene rings of 34, 34 and 
27 ° are close to the value of 31 ° found in the triphenyl- 
carbonium ion (Gomes de Mesquita et al., 1965). It 
may be noted that benzene ring (III) with the 27 ° twist 
angle is also the one carrying the amino group that 
does not form a hydrogen bond with a perchlorate 
oxygen atom. The nonbonding ortho-orthe C-C, C-H 
and H - H  contacts of 3.01, 2.7 and 2-6 ~ respectively 
between adjacent benzene rings agree closely with the 
values of 3.04, 2.7 and 2.6 A for the same distances in 
the triphenylcarbonium ion. Assuming van der Waals 
radii for C and H of 1.5 and 1.2 A respectively, these 
nonbonding distances correspond to contact distances 
and it follows that the angles of twist of the benzene rings 
are determined strictly by steric hindrance. This is further 
confirmed by the fact that the twist angles of phenyl 
rings in the triphenylcyclopropenium ion are only 21 ° 
(Sundaralingam & Jensen, 1963). The central cyclo- 
propenium ring replacing a single carbon atom moves 
the phenyl rings appreciably farther apart and thus 
allows a smaller twist angle, determined by contact dis- 
tances. In the 3-Cl-l,2,3,4-tetraphenylcyclobutenium 
ion (Bryan, 1964) there is no steric hindrance left for 
the two phenyl rings that form the conjugated system 
(rings 2 and 4) and these rings are found to be coplanar 
with the cyclobutene ring. 

The three p-amino groups in the present structure 

4' 

Fig. 4. Thermal motion ellipsoids of the atoms of the carbonium 
ion. 

do not influence the structure of the ion appreciably 
when compared with the unsubstituted trityl perchlorate 
(Gomes de Mesquita et al., 1965); bond lengths and 
angles of twist do not differ significantly. Also, 
within the PRA carbonium ion, the 7 ° difference in 
twist angle between rings I, II and ring III produces no 
observable changes in bond lengths. The packing of 
ions in the trityl perchlorate and in PRA is entirely 
different, however. Trityl perchlocate crystals contain 
two groups of crystallographically different C10 4 ions, 
one of which is disordered and located near the centers 
of four carbonium ions, the other (ordered) is surroun- 
ded by twelve protruding benzene rings all from different 
carbonium ions. In PRA all perchlorate ions are equiv- 
alent, ordered and all are located close to amino- 
groups, presumably held in place by hydrogen bonding 
to these NH2 groups. 

Another major difference between the two crystalline 
substances is that trityl perchlorate, with the noncentric 
space group F4a32, can contain only one enantiomeric 
form of the carbonium ion and the individual crystals 
must be optically active. PRA on the other hand, with 
the centrosymmetric space group P2,/c, has two ions 
of each enantiomeric form in the unit cell. The reasons 
for this totally different behavior of crystallization of 
the two substances will be studied in the future. 

The present investigation was supported by the Pe- 
troleum Research Fund administered by The American 
Chemical Society. Grateful acknowledgement is hereby 
made to the donors of this fund. 
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