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As par t  of a program to correlate X-ray and nuclear 
magnet ic  resonance data  on the structures of oxy-anions, 
it was found necessary to re-investigate the crystal 
structure of kernite. The results of this s tudy indicate 
tha t  the  originally proposed space group and structure 
(Garrido, 1932; Minder, 1935; Amoros, 1945) are in- 
consistent wi th  the results of nuclear magnet ic  resonance 
studies (Blood & Proctor, 1954; Waterman,  1954; 
Wa te rman  & Volkoff, 1955; ])as, 1957). 

Synthet ic  crystals prepared by Dr W . T .  Schaller, 
U.S. Geological Survey, were examined by the Weissen- 
berg me thod  using Cu K a  and Me Ka  radiation. The 
correct space group was found to be P21/c not  P2/c, 
owing to the  presence of a screw axis since there were 
systematic extinctions of 0/c0 for k ~= 2n. The Lmit-cell 
dimensions, obtained from zero-layer line photographs 
of rotat ions about  the  a and b axes yielded the following 
values: 

a = 7-022, b -= 9.151±0.002, c = 15.676 A; 
fl = 108 ° 5 0 ' + 5 ' .  

The originally proposed structure of kernite  (Amoros) 
consisted of B30 e rings of three [BOa] -s triangles l inked 
by halved B203 ions to form infinite chains along the 
b axial direction. The sodium atoms were proposed to 
lie in the two-fold special positions: (e) and (f) (P2/c). 
The original structure de terminat ion  was found to give 
imperfect  agreement  between the observed and calculated 
intensities. 

Wate rman  & Volkoff (1955) have determined from 
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nuclear magnet ic  resonance analysis of single crystals of 
kernite  tha t  there are four non-equivalent  sets of boron 
atoms per uni t  cell, all of which are in general positions. 
One-half of the  boron atoms are te t rahedral ly  coordinated 
- - t h e  others t r iangularly coordinated to oxygen. The 
sodium atoms also were found to lie in general positions. 

Prel iminary X-ray analyses indicate tha t  the basic 
structure of kerni te  is related to tha t  of borax, 
Na2B407.10 H~O which consists of [B4Os(OH)4] -9- rings 
of te t rahedral ly  and tr iangularly coordinated boron 
(Morimoto, 1956). Christ & Clark (1957) have postulated 
tha t  kerni te  is composed of infinite chains of composit ion 
[BaOe(OH)2] -2n resulting from the pol)~nerization of the  
[B4Os(OH)4]-" rings of borax. X-ray three-dimensional  
data  have been collected for kernite  and ref inement  
studies are being carried out in cooperation with the  
U.S. Geological Survey. 
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Recent ly  great  interest  has been devoted to the s tudy 
of molecular and electronic structure of conjugated 
heterocyclics containing nitrogen. Results of theoretical  
and  exper imental  work (Bert lnott l  et al., 1956; Hameka  
et al., 1956; Herbste in  et al., 1955; Wheatley,  1955, 1957) 
have in particular indicated several interest ing features 
of the  structure of azines. We have therefore under taken  
the X-ray structure determinat ion of s- t r iphenyl-  
triazine. 

The unit-cell dimensions are: 

a =  10.94, b = 3.91, c - -  35.84/~; 
f l =  90 °38 ' ,  Z = 4; space g roupP21 /c .  
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The Fourier t ransform method  (Lipson & Cochran, 1953) 
was used in order to determine the  orientat ion of the  
molecules wi th  respect to the  crystallographic axes from 
the weighted hOl equatorial  section. 
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The molecules in the  uni t  cell were then  located by 
calculating a Pat terson function modif ied according to 
Giglio, Liquori  & Ripamont i  (1958). The signs of a high 
percentage of the  structure ampli tudes were thus  estab- 
lished. 

A first Fourier  synthesis allowed us to determine the 
coordinates of all the atoms wi th  a sufficient accuracy. 
After  some ref inement  according to the usual methods,  
the  projection of the electron densi ty  along the 010 
shown in Fig. 1 was obtained. From the Fourier  projec- 
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Fig. 1. Fourier projection on 010. 

t ion of Fig. 1 it appears - -as  fo reseen- - tha t  the  molecule 
is planar or nearly planar. However,  only a detai led 
structure de terminat ion  now in progress may  permit  the  
de terminat ion  of accurate bond lengths and bond angles 
and the detect ion of any small rotat ions of the benzene 
rings around the  bonds connecting t h e m  to the  triazine 
ring. This effect, in the  case of 1,2,5-triphenylbenzene 
(Farag, 1954), proved to be very strong. 
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advice during the  course of the present  work. They also 
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The morphology of monoclinic triglycine sulfate (Wood 
& i o l d e n ,  1957) clearly reveals the orientat ion of the  
unique b-axis. The b-axis coincides wi th  the  acute bi- 
sectrix X (vibration direction of the  fast ray, lowest 
index refraction) and  is normal  to the  planes of easy 
cleavage. The obtuse bisectrix Z (vibration direction of 
the  slow ray, highest  index of refraction) is 3 ° from the 
perpendicular  to (100) in a plane normal  to the  b-axis, 
while the  optic normal  Y (vibration direction of inter- 
mediate  ray, in termedia te  index of refraction) is ap- 
proximate ly  perpendicular  to (i02) and  forms an angle 
of 3 ° wi th  c. 

The refractive indices and the optic angle have been 
de te rmined  from microscopical examinat ion  using cali- 
bra ted  .immersion liquids and the  Becke line method,  
and  also using larger polished sections and a Bausch and 
Lomb Abb6-type refractometer.  The averaged values of 
the  three indices are: 

np ~ 1.484 9-0.000 
nm ~-- 1"5565±0"0005 
ng ~-- 1"5845±0"0005 
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Fig. 1. Crystal axes (a, b, c), obtuse bisectrix Z and opt ic  
normal Y of monoelinic glyeine sulfate. 


