
Journal of Crystallographic and Spectroscopic Research, Vol. 22, No. 2, 1992 

Crystal and molecular structure of C.I. Solvent Yellow 2, 
1-phenylazo-4 (N,N-dimethylamine)-phenyl 

A. W h i t a k e r  1 

Received May 15, 1991 

The crystal structure of C.I. Solvent Yellow 2, CI4HI5N3, has been determined by single c~stal 
X-ray diffraction techniques. It crystallizes in the orthorhombic system with a = 6.059(2) A, b 
= 7.398(1) A., c = 27.467(4) A, space group P212121, Z = 4. The structure has been solved by 
direct methods and least-squares has been completed on three dimensional data (688 reflections, 
Mo K~ radiation). The hydrogen positions have been found but only their positional parameters 
refined. Final residual 0.055 (all positive intensity data). The molecule exists as an azo-compound 
and is almost planar. The molecules are packed in columns parallel to the b axis, within each 
column they are packed in layers almost parallel to the (130) or (]30) plane depending on the 
column. The molecules are linked by van der Waals' forces. 

Introduction 

Some years ago, with the long-term aim of relating 
crystal structure and color, work was published on the 
structure determinations of several azo-pigments involv- 
ing B-naphthol (Grainger and McConnell, 1969; Kobelt 
et al.,  1972, 1974; Whitaker, 1977a,b, 1978a). A 
review (Whitaker, 1978b) of these six crystal structures 
concluded that for this group of pigments, the azo group 
was, in reality, a hydrazone group. Further crystal 
structure determinations (Paulus, 1982; Whitaker, 1980, 
1981) on other members of this group of pigments sup- 
ported this view. 

Interest then moved to azo-pigments involving 
aceto acetanilide and again a series of crystal structures 
were determined (Brown and Yadav, 1984; Paulus et 
al. ,  1983, 1984; Whitaker, 1983a,b, 1984a,b, 1985a,b, 
1986, 1987; Whitaker and Walker, 1985, 1987). The 
general conclusion from these was that this group of 
compounds should be classed as hydrazone rather than 
azo-pigments (Whitaker, 1988a). 

A third group of azo-colorants are those involving 
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pyrazolone; four crystal structures have been reported 
in this group (Golinski, et al., 1982; Whitaker, 1988b,c, 
1991). Again it is claimed that the molecules exist in 
the hydrazone form. 

There is a common feature in all three groups of 
colorants, the usual azo-formula includes an hydroxyl 
group. However, the crystal structure determinations 
have shown that these compounds exist in the form of 
the hydrazone-ketone tautomer, the hydrogen atom 
having migrated from the hydroxyl to azo group. 

The question then arose as to what happened if the 
colorant did not contain an hydroxyl group. Was the azo 
group stable? Or did it become a hydrazone group by 
the migration of an hydrogen atom from another atom; 
with the possibility of the molecule becoming polar? It 
was therefore decided to investigate colorants which do 
not contain a hydroxyl group. 

C.I. Solvent Yellow 2 (C.I. 11020) is one such 
commercially available dye used in polishes, polysty- 
rene and soap. It has the formula 

< • N  = N ~ ~ - N  (CH3) 2 
Scheme I 
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Experimental 

Single crystals were obtained from the commercial 
dye Oil Yellow 2G by the slow cooling of a hot (65~ 
saturated solution in chlorobenzene. Optical examina- 
tion indicated yellow crystals, mainly plate-like, 
together with a few blades. Laue photographs indicated 
that the crystal system was orthorhombic. 

A crystal of size 0.68, 0.68, 0.12 mm was used for 
intensity measurements. The intensity data was col- 
lected on an Enraf-Nonius CAD-4 automatic diffrac- 
tometer of the National Diffractometer Service using ~/ 
20 scans and filtered molybdenum radiation. The cell 
dimensions were obtained by least squares refinement 
of the setting angles of 25 reflections while the space 
group was uniquely determined from systematic 
absences (h00 absent when h is odd, 0k0 absent when k 
is odd, 001 absent when l is odd). The results of these 
measurements are a = 6.059 _+ 0.002 A,  b = 7.398 
+ 0.001 A,  c = 27.467 + 0.004 A,  V = 1231.3 _+ 
0.5 ~3. Space Group P212121 (No. 19). Calculated den- 
sity for Z = 4, 1.2233 + 0.0005 g cm -3. 

The intensities of 1406 reflection were collected. 
The intensities were corrected for the Lorentz-polar- 
ization factor but not for absorption. (The linear absorp- 
tion coefficient for this compound in molybdenum radia- 
tion is 0.41 cm -1 and this gives a transmission factor of 
0.973 along the longest length of the crystal). These 
were merged to give a unique set of 720 reflections with 
0_< h _  6 ,0_<  k-<  5 a n d 0 - <  l _  18. Of these, 32 
reflections were less than zero, the refinement was car- 
ried out on the remaining 688. Rint for (hkl) reflections 
0.022. Two standard reflections were measured period- 
ically. The variation in the average normalized intensi- 
ties from the pair varied from 0.981 to 1.009 for 23 sets. 
It was assumed that the change in average normalized 
intensities was linear between adjacent measurements. 
Measured intensities were corrected on this assumption. 

The structure was solved by direct methods. The 
full-matrix least-squares refinement was based on F with 
a weighting function o~, such that 1/w = (a 2 (F) + 0.03 
F2); cr(F) was obtained from counting statistics. No cor- 
rection was applied for anomalous dispersion. 

After anisotropic refinement of the heavy atoms, a 
difference Fourier synthesis indicated the positions of 
the hydrogen atoms. These suggested that the molecule 
contained an azo bond, rather than an hydrazone one. 

The hydrogen atoms were included in the refine- 
ment with the fixed isotropic temperature factor of the 
adjacent heavy atom and riding upon it at a distance of 

1.00 A.  Refinements continued until the shifts were less 
than one-tenth of the appropriate standard deviation 
(Mason, 1964). 

The final residual was 0.055 and the final weighted 
residual 0.069. The comparatively high value of these 
residuals is attributed to the use of all available positive 
intensity data, which is considered to be methodologi- 
cally more satisfactory than imposing an arbitrary cut- 
off value (Hirshfeld and Rabinovich, 1973; Wilson, 
1976, 1978). The final coordinates together with the iso- 
tropic temperature factors, are given in Table 1. The 
maximum and minimum densities on the final difference 
Fourier synthesis are +0.18 e A - 3  and -0 .16  e ,~-3, 
respectively. Many investigators do not use all positive 
data but truncate the weak data at an arbitrary value, 

Table 1. Coordinates and esd's, after anisotropic refinement, the 
temperature factors after isotropic refinement. The temperature 

factor is defined by exp [(-87r2U sin z 0/k 2) • 10 -3] 
(Cruickshank, 1956) 

Atom x y z U(.~ e) 

C(1) 0.4801(9) 0.0728(7) 0.5175(3) [62(2)] 
H(1) 0.628 0.123 0.526 62 
C ( 2 )  0.4132(11) 0.0582(9) 0.4697(3) [73(3)] 
H(2) 0.514 0.102 0.443 73 
C ( 3 )  0.2111(11) -0.0144(10) 0.4570(3) [79(2)] 
H(3) 0.168 -0.025 0,422 79 
C ( 4 )  0.0740(10) -0.0707(8) 0.4921(3) [70(2)] 
H(4) -0.072 -0.125 0.483 70 
C ( 5 )  0.1322(8) 0.0550(8) 0.5410(3) [57(2)] 
H(5) 0.027 -0.095 0.567 57 
C ( 6 )  0.3354(8) 0.0160(8) 0.5537(3) [50(2)] 
N ( 1 )  0.3833(7) 0.0208(7) 0.6040(2) [57(1)] 
N ( 2 )  0.5718(7) 0.0830(6) 0.6139(2) [52(1)] 
C(7) 0.6276(8) 0.0848(8) 0.6640(2) [45(1)] 
C(8) 0.4987(7) 0.0104(8) 0.7015(2) [52(2)] 
H(8) 0.354 -0.047 0.693 52 
C ( 9 )  0.5642(7) 0.0138(8) 0.7484(2) [52(2)] 
H(9) 0.468 -0.042 0.774 52 
C ( 1 0 )  0.7678(8) 0.0954(7) 0.7621(2) [41(1)] 
C ( 1 1 )  0.8927(9) 0.1692(8) 0.7244(2) [51(2)] 
H(ll) 1.036 0.230 0.732 51 
C ( 1 2 )  0.8258(7) 0.1618(8) 0.6772(2) [50(2)] 
H(12) 0.923 0.214 0.651 50 
N ( 3 )  0.8309(6) 0.1002(7) 0.8091(2) [51(1)1 
C(13) 0.6890(12) 0.0392(10) 0.8482(3) [70(3)] 
H(131) 0.742(10) 0.106(7) 0.883(2) 70 
H(132) 0.544(10) 0.100(8) 0.841(2) 70 
H(133) 0.720(13) -0.047(8) 0.851(2) 70 
C(14) 1 . 0 3 9 3 ( 9 )  0.1788(12) 0.8224(3) [64(2)] 
H(141) 1.153(9) 0.236(7) 0.800(2) 64 
H(142) 1.026(9) 0.258(9) 0.847(2) 64 
H(143) 1 . 1 0 4 ( 1 0 )  0.132(9) 0.848(2) 64 
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often F = 3a(F). With this criterion the final residual 
and weighted residual were 0.048 and 0.060 respec- 
tively for the final parameters without further refinement 
(608 reflections in the truncated set). A table of  the an- 
isotropic temperature factors U U have been deposited 
together with a table of  observed and calculated struc- 
ture factors. There appears to be no evidence that any 
were affected by extinction. 

The following programmes were used: SHELX 76 
(Sheldrick, 1976) for data processing, solution of the 
structure, Fourier synthesis and least-squares refine- 
ment; BONDLA (Doherty et al., 1983) for calculation of  
atomic distances and angles; PARST (Nardelli, 1982) for 
calculation of weighted least-squares planes of  the mol- 
ecule. Figures 1 and 2 were drawn by PLUTO. 

Discussion 

The intramolecular bond lengths are given in Table 
2 and the bond angles in Table 3. There would appear 
to be no abnormal bond lengths. Comparison of the 
observed bond lengths with the accepted values (Allen, 
et al., 1987) independently confirms the difference Fou- 
rier that azo (rather than hydrazone) bonding occurs in 
this compound. Figure 1 gives the molecular structure 
projected on to the plane containing atoms C(1), C(8), 
and N(3). 

Whereas many dyes and pigments contain intra- 
molecular hydrogen bonds which tend to keep the mol- 
ecule planar, this compound does not. In spite of  this 

Table 2. Intramolecular atomic distance (,~) 

C(1)--C(2) 1 . 3 7 7 ( 1 l )  C(10)--C(11) 1.395(9) 
C(2)--C(3) 1 .383 (10 )  C(11)-- C(12) 1.360(9) 
C(3)--C(4) 1 .341 (10 )  C(12)--C(7) 1.378(7) 
C(4)--C(5) 1 .393 (11 )  C(10)--N(3) 1.347(8) 
C(5)--C(6) 1.383(7) N(3)-C(13) 1.446(9) 
C(6)--C(1) 1.390(9) C(13)--H(131) 1.11(6) 
C(6)--N(I) 1.414(9) C(13)--H(132) 1.06(6) 
N(1)--N(2) 1.261(6) C(13)--H(133) 0.67(6) 
N(2)--C(7) 1.415(9) N(3)--C(14) 1.437(8) 
C(7)--C(8) 1.405(9) C(14)--H(141) 1.01(5) 
C(8)--C(9) 1.350(9) C(14)--H(142) 0.91(7) 
C(9)--C(10) 1.424(7) C(14)--H(143) 0.89(6) 

lack of  intramolecular hydrogen bonding, the molecular 
is almost planar and the equation of  the plane through 
the heavy atoms (by weighted least-squares fit) is 
0 .427 ,5 (14)X - 0 , 8 9 9 3 ( 7 ) Y -  0 . 0 9 2 2 ( 7 ) Z  = 

-0 .6000(10) ,  where X, Y, and Zare parallel to the axes 
of  the unit cell. The derivations of  the atoms from this 
plane are given in Figure 1; the maximum deviation is 
0.093 A for C(2). Although the deviations are small 
when measured in .~ ; virtually all are significant (greater 
than 3a), when the standard deviation, a, of  the atomic 
coordinates are taken into account. What is more, the 
deviations are not at random. Both the phenyl groups 
are planar with 2.2a but they are inclined at an angle of  
6.1 (2) ~ with respect to each other, while the dimethy- 
lamine group is inclined at an angle of  5.3(5) ~ with 
respect to the adjacent phenyl. It is these angles of  incli- 

Table 3. Intramolecular bond angle (~ 

C(2)--C(1)--C(6) 
C(3)--C(2)--C(1) 
C(4)--C(3)--C(2) 
C(5)--C(4)--C(3) 
C(6)--C(5)--C(4) 
C(5)--C(6)--N(I) 
N(1)--C(6)--C(1) 
C(1)--C(6)--C(5) 
C(6)--N(1)--N(2) 
N(1)--N(2)--C(7) 
N(2)--C(7)--C(8) 
C(8)--C(7)--C(12) 
C(12)--C(7)--N(2) 
C(9)--C(8)--C(7) 
C(10)--C(9)--C(8) 
C(9)--C(10)--N(3) 
N(3)--C(10)--C(11) 
C(11)--C(10)--C(9) 

118.1(0.6) C(12)--C(1 I)--C(10) 
122.2(0.7) C(7)--C(12)--C(11) 
119,1(0,7) C(10)-- N(3)--C(13) 
120,8(0,6) C(13)--N(3)--C(14) 
119,9(0.6) C(14)--N(3)--C(10) 
116.0(0.6) N(3)--C(13)--H(131) 
124.2(0.5) N(3)--C(13)--H(132) 
119.8(0.6) N(3)--C(13)--H(133) 
114.0(0.5) H(131)--C(13)--H(132) 
115.5(0.5) H(131)--C(13)--H(133) 
125.1(0.5) H(132)--C(13)--H(133) 
117.0(0.6) N(3)--C(14)--H(141) 
117.9(0.6) N(3)--C(14)--H(142) 
122.0(0.5) N(3)--C(14)--H(143) 
121.0(0.6) H(141)--C(14)--H(142) 
120.7(0.5) H(141)--C(14)--H(143) 
123.2(0.5) H(142)--C(14)--H(143) 
116.1(0.6) 

122.1(0.5) 
121.8(0.6) 
122.2(0.5) 
117.4(0,6) 
120.2(0.5) 
109(3) 
105(3) 
103(6) 
103(4) 
104(7) 
132(7) 
128(3) 
112(3) 
116(4) 
104(5) 
110(5) 
71(6) 
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C(13) 

~ C ( 9 )  i N 3 

C(2) (~ 

Fig. 1. Structure of the molecule projected on to the plane containing C(1), 
C(8), and N(3). The deviations of the atoms (in t0 -3 A-) from the weighted 
least-squares plane of the molecule are given. The error in the atomic coor- 
dinates correspond to a mean of 0.006 2~. 

nation between adjacent parts of the molecule which 
cause significantly large deviations from the least 
squares fit through the molecule, rather than a random 
distribution of deviations. 

The molecules lie in columns parallel to the b axis 
(Fig 2), the molecule is not perpendicular to the column 
axis, the normal to the molecular plane is off-set 
25.93(7) ~ with respect to it but only 6.22(5) ~ off-set 

from the (130) plane. This explains the large structure 
factor of this plane. 

Calculations of intermolecular distances indicated 
that heavy atoms are not involved in any less than 3.50 
,~, and thus the intermolecular contacts must be due to 
van der Waals' forces. There are no intermolecular 
hydrogen bonds as found in some other colorants (Whi- 
taker, 1983a, 1987; Whitaker and Walker, 1987). 

O 

Fig. 2a. The packing of C.I. Solvent Yellow 2 molecules in the cell, b axis projection, molecules whose centers 
of mass are at y >_ 0.5 are indicated by solid bonds. 

Fig. 2b. A stereoscopic pair showing the packing of C.I. Solvent Yellow 2 molecules in 
the unit cell, b axis projection. 
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U n l i k e  all  p r ev ious  s t ruc ture  d e t e r m i n a t i o n s  o f  so- 

ca l led  ' a z o - c o l o r a n t s , '  w h e r e  it has  b e e n  s h o w n  that  the  

c h r o m o p h o n e  has  b e e n  an  h y d r o z o n o  ra the r  than  an  azo 

group ,  in  this  case  the  c h r o m o p h o r e  is an  azo group.  
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