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The crys ta l lographic  p a r a m e t e r s  and the t rans la t ion  groups of the e lementa ry  cel ls  of the c rys ta l s  of 1- 
methy l - ,  1 -e thy l - ,  1-phenyl- ,  and 1 -~ -naph thy lge rma t r anes  have been de termined by X-radiography.  The 
volumes of the e lementa ry  cei ls  (V), the number  of molecules  in them (N), the X - r a y  densi ty  of the 
c rys ta l s  (~X) and the packing coefficients for the molecules  in the c rys ta l s  (k) have been calculated from 
the l i nea r  and angular  p a r a m e t e r s .  

In a preceding paper [1], one of us began the de terminat ion  of the crys ta l lographic  p a r a m e t e r s  of the 
me ta l loa t r anes  [2] and, in par t i cu la r ,  de te rmined  the constants  of the e lementa ry  cel ls  of the c rys ta l s  of a number  of 
s i l a t ranes .  This  work is a continuation of the X - r a y - s t r u c t u r a l  study of this  se r ies  of compounds and is  devoted to a 
de te rmina t ion  of the p a r a m e t e r s  of the e lementa ry  ce l l s  of the c rys t a l s  of the 1 -o rgany lge rma t ranes  [2, 3]. 

Since Si and Ge a re  chemical  e lements  having s imi la r  configurat ions of the outer e lectron shell  and also very  
s im i l a r  atomic radi i  [4]' ( rs i  = 1.17~, rGe = 1.22~), it was na tura l  to expect that the crys ta l  s t ruc tu res  of the 
corresponding s i l a t r anes  and g e r m a t r a n e s  would be s imi l a r .  This  question can be answered by de te rmin ing  the 
symmet ry  and pa rame te r s  of the e l emen ta ry  ce l l s ,  and also by a quali tat ive comparison of the developments  of the 
layer  l ines  of the rec iproca l  la t t ices  of c rys t a l s  of cor responding  s i l a t ranes  and ge rma t r anes .  The finding of the 
exis tence of i somorph i sm in the c rys ta l s  of cor responding  compounds of these two se r i e s  was also impor tant  in the 
select ion of the mos t  suitable compounds for the study of the complete c rys ta l  s t ruc ture  of the a t ranes  since the 
g e r m a t r a n e s ,  containing the heavier  Ge atom, a re  more  sui table for this purpose than the s i l a t ranes .  

The  single c rys t a l s  of the 1 -o rgany lge rma t ranes  that were  studied, like the corresponding s i la t ranes ,  form 
more  or l ess  elongated co lor less  needles  possess ing  only one face zone, the axis of which coincides with the axis of the 
needle i tself ,  The imperfect ion of the external  faceting of the c rys t a l s  of the ge r ma t r a ne s  considerably  complicated 
the cen te r ing  and aligning of the c rys t a l s .  

The mounting of the single c ry s t a l s  in the c a me r a s  was c a r r i e d  out with the aid of an optical i l luminator .  A 
check of the posit ioning and also the matching of definite c rys ta l lographic  d i rec t ions  of the e lementary  cel ls  with the 
axis of osci l la t ion or rotation was done f rom the Laue pa t te rns .  

To obtain the exper imenta l  ma te r i a l  we used the osci l la t ing and rotat ing methods with the development of the 
layer  l ines  in rec iproca l  lat t ice c a m e r a s  (KFOR). The t ime of exposure in the prepara t ion  of the osci l la t ing X- ray  
d iagrams  in the rangeof  angles up to 20 ~ was 8-10  hr .  The t ime of exposure in the preparat ion of the Kforograms* 
var ied  f rom 80 to 120 hr ,  according to the par t i cu la r  layer  l ine.  The invest igat ion was ca r r i ed  out with copper 
radiat ion,  kCu = 1 .54 i .  The c rys t a l s  of the ge rma t r anes ,  like those of the s i l a t r anes ,  a re  very  stable to X-radia t ion.  

The c rys ta l lographic  cha r ac t e r i s t i c s  of 1 -methy l - ,  1-e thyl - ,  1-phenyl- ,  and 1-~-maphthylgermat ranes  are  given 
in  the table.  

On compar ing  the pa rame te r s  of the e lementa ry  cel ls  of the methyl - ,  e thyl- ,  phenyls i la t ranes  [1] and the 
corresponding g e r m a t r a n e s ,  it can be seen that both 1 -methy l s i l a t rane  and 1 -methy lge rmat rane  c rys ta l l i ze  in the 
monocl inic  sys tem with a monocl inic  angle fl = 122.6 ~ for methy l s i l a t rane  and 122 ~ for methy lgermat rane .  The c rys ta l s  
of the other g e r m a t r a n e s  studied a re  rhombic .  As a ru le ,  the l inear  pa rame te r s  of the e lementa ry  ce l l s  of the 
ge rma t r anes  are  g rea te r  than the cor responding  pa rame te r s  of the e lementary  cel ls  of the s i la t ranes .  This is a 
consequence of the difference in the radi i  of the ge rmanium and si l icon atoms with an ord inary  covalent  bond. However, 
in no case does the difference in the p a r a m e t e r s  exceed 0.3~. This fact, pa r t i cu la r ly  if one bears  in mind the e r r o r  in 

* F r o m  "KFOR" 
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determination of the parameters  of the elementary cel ls  by the oscil lating method, allows one to conclude that the 
corresponding compounds of the s i latrane and germatrane  se r i e s  c rys ta l l i ze  i sos t ruc tura l ly .  

Crystal lographic P a r a m e t e r s  of Some 1-Organogermatranes  

R--Ge(OCH2CH2)~N 

~ , ~  b ,~  ~ ,~  ~ v , ~  N , ~ % '  ~ % 
I i [ g/cm3 g/cma [ 

7,00r9,691 ' I [224611,70 .1 94,93172,4 14,381122 ~ 898,02 44 i26283] 1,591 1,561 41,491 68,8 CI-I3CH2-- 9,34 t6,75 ] 6,72 I 1051,3l 
C6H5-- 13,19 ~ 18,63 10,09 2479,42 84 370,131309'93i 1,62 1,58 78,99 70,5 
a-CloHT-- 9,57 14,54 10,64 1480,53 1,61 1,596 122391 70,8 

This is also confirmed by a comparison of the developments of the layer  lines of the rec iproca l  lat t ices of the 
c rys ta l s  of corresponding compounds. 

In order  to determine the translat ion group, osci l lat ing X-rad iograms  along the faces and three-dimensional  
diagonals of the e lementary  cel ls  of the c rys ta l s  of the 1-organylgermatranes  were taken. A comparison of the 
experimental  and calculated identity periods along these direct ions show that the e lementary cel ls  of all the germatranes  
studied are  pr imit ive.  

On the bas is  of the pa ramete r s  obtained for the elementary ce l ls ,  the interatomic dis tances,  and the covalent 
radi i  of the atoms present  in the germatrane molecules,  and the in termolecular  radii  of the corresponding atoms 
known from the l i t e ra ture  [5], we calculated the packing coefficients of the molecules in the germatrane  c rys ta l s  (k). 

The summation of the increments  calculated by the method discussed in the previous paper [1] gave the volume 
of the germatrane  part  of the molecule as 139, 86/~ [3] where the germanium atom was attached to an aliphatie carbon 
atom, and 139.54/~ [3] for  an aromatic  carbon atom. The volumes of the substituents R-and the values of the packing 
coefficients k a re  given in the table. 

The most  suitable compounds for the complete determination of molecular  and c rys ta l  s t ructure  a re  1- 
e thylgermatrane and 1-a-naphthytgermatrane .  

The authors consider  it their  pleasant  duty to express  their  deep gratitude to M. G. Voronkov and G. I. Zelchan 
for supplying the single c rys ta l s  and the values of the pycnometr ical ly determined densit ies  (r of the 1- 
organylgermatranes .  
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