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photographs  confirmed t h a t  the  crystals  are or thorhombic 
with,  

a ---- 6.290±0.003, b ---- 9.318±0.005, c ---- 15.39~-0.01 A. 

These give 0.674:1 : 1.652 for the  axial  ratios. Taking  the  
dens i ty  to  be 1.548 g.cm. -3 (the mean  of the two values,  
1.542 and  1-553 g.cm. -s  given b y  Groth), the  un i t  cell 
contains  4 molecules of Cerise ~ . HsO per un i t  cell (densi ty 
calculated = 1.546 g.cm.-S). 

The only sys temat ic  absences were h00 absent  when  
h is odd, 0/c0 when  k is odd and  001 when l is odd. The 
space group is therefore D~-P21212 P This space group is 
no t  consis tent  w i th  the  crys ta l  class quoted b y  Groth.  
Quite apa r t  f rom the absent  reflexions, the  class mmm is 
~mlikely to be correct wi th  a un i t  cell containing only 4 
molecules as i t  would mean  t h a t  each molecule of citric 
acid and the  molecule of water  would have  to possess some 
element  of symmet ry .  

P o t a s s i u m  c i t r a t e  m o n o h y d r a t e  

Crystals  of th is  substance are monoclinic, wi th  

a---- 7.06±0.03, b ---- 11.72±0.05, c = 13.69±0.07 A;  
= 112.0 o. 

The density determined by flotation is 2.00 g.cm. -s, 
giving 4 molecules of CeHs0~Ks.HzO per unit cell 
(density calculated = 2.050 g.cm.-3). Systematic absences 
were hOl when I is odd and 0k0 when/¢ is odd. The space 
group is therefore C~h-P21/c. 

S o d i u m  c i t r a t e  d i h y d r a t e  

Groth  gives this  substance as monoclinic pr ismatic  (2/m), 
w i th  a :  b: c ---- 0.8923:1 : 1.3647, p = 115055 '. X - r a y  photo- 
graphs  gave 

a = 11.23±0-05, b = 12.501±0.002, c = 15.82q-0.08 A;  
c s i n ~  = 15-262±0.003 A, fl = 104022 ' . 

* Now at Physics Department, University College of the 
Gold Coast, Achimota, Gold Coast. 

I f  the  same c axis is chosen as t h a t  of Groth  we get  
c ' =  16.98-~ and  p ' =  115049 ', giving axia l  ra t ios  of 
a : b : c ' = 0 - 8 9 8 : l : l . 3 5 8 .  T h e  dens i ty  de termined b y  
f lota t ion is 1.84 g.cm. -s  and  there  are 8 molecules of 
CeHsO~Naa.2HsO per  un i t  cell (densi ty calculated 
= 1.823 g.cm.-S). Sys temat ic  absences were:  hkl when 
(k+l) is odd, hO1 when  h or 1 is odd and  0k0 when  k is 
odd. There are two space groups avai lable  C~-Aa and 
C~h-A2/a. I f  the  classification given b y  Groth is correct 
t hen  the  la t te r  space group is the  appropr ia te  one. 

S o d i u m  c i t r a t e  p e n t a h y d r a t e  

This compound is given b y  Groth as rhombic bisphenoidal  
(222) wi th  axial  rat ios  a : b : c  = 0.6208:1:0-2431. X - r a y  
photographs  confirmed t h a t  the  crystals  are or thorhombic  
wi th  

a = 6.41±0.03, b = 16.36±0.08, c = 26.31±0-10 A. 

These give axial  rat ios  b : c : a  = 0.6218:1:0-2436. The 
dens i ty  determined b y  f lotat ion is 1.70 g.cm. -3, which  
differs appreciably  from the  v a l u e  given b y  Groth  
(1.857--1.859 g.cm.-3). The calculated densi ty ,  using the  
above unit-cell  dimensions and  assuming 8 molecules of 
CeHsOTNa3. 5HsO per un i t  cell, is 1.68 g.cm. -3. I t  would 
appear  t h a t  the  dens i ty  given b y  Groth is a mispr in t  and  
should real ly refer to the  dihyclrate, for which he does 
no t  give a n y  densi ty .  Sys temat ic  absences were h0l 
when  l is odd and  hk0 when  (h-{-k) is odd. These are 
character is t ic  of two space groups, C~v-P21cn and  
D~-Pmcn. Nei ther  of these space groups is in the  class 
222 quoted b y  Groth.  " 

We wish to t h a n k  the  Roya l  Society for an  appara tus  
g ran t  to one of us (J.I.).  
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Total  a tomic scat ter ing factors, f ,  for coherent  rad ia t ion  

have been calculated for Au ÷ and Hg++ by the numerical 
in tegra t ion  (Scarborough, 1950) of the  integral  (James & 
Brindley,  1931) 

S " o 

where p = 4~sin0/~.  and  PS(r) is the  radial  charge 
densi ty .  

The radia l  charge dens i ty  P~(r) has  been determined 
b y  the  me thod  of the  self-consistent field, wi thou t  ex- 
change, for H g  ++ b y  Har t ree  & Har t ree  (1935) and  for 
Au+ b y  H e n r y  (unpublished work). The effect on the  

scat ter ing factor  of including exchange is small  (Brindley 

& RicUey, 1938). Results are given in Table 1. 

Table 1. Atomic seattering factors 
(Integration error ±0-02) 

sin 0 
x I0 -s Au+ 

0.0 78.00 
0.1 74-26 
0.2 66.32 
0.3 58.35 
O.4 51.62 
0.5 46.07 
0.6 41.42 

sin 0 
Hg d-~ ~. X 10 -s Au+ Hg+ + 

78.00 0"7 37.46 37.98 
74.71 0.8 33-66 34.38 
67.21 0"9 30.52 31.20 
59.18 1"0 27.62 28-23 
52.27 1-1 25.27 25-86 
46.65 1-2 23.28 23-36 
41-97 
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According to the X - r a y  analysis  of crystal l ine fluorene 
b y  Ibal l  (1936), the  two s ix-membered rings in the  
fluorene molecule are each t i l ted  up about  20 ° out  of the  
plane of the  f ive-membered ring. I n  contrast ,  recent  
stereochemical  (Weisburger et al., 1950) and  ul t ra-violet  
spectroscopic (Merkel & Wiegand,  1947, 1948) studies on 
fluorene and  an  X- ray  analysis  (Fenimore, 1948) of the 
closely re la ted bifluorene (d ibiphenylene-e thylene)mole-  
cule indicate  a un ip lanar  s t ruc ture  for the  fluorene 
carbon skeleton. Since the  details  of the fluorene s t ructure  
are of some interest  f rom the  point  of view of valence 
theory  and  chemical  r eac t iv i ty  (Lothrop, 1939) and  in 
relat ion to carcenogenici ty of fluorene der ivat ives  (Miller 
et al., 1949; Sandin  et al., 1952), a new X- ray  analysis  of 
fluorene has  been unde r t aken  in this  laboratory.  

Crystals  of fluorene have been found to be ortho- 
rhombic,  of space group P n a  or Pnam, with  four molecules 
per  un i t  cell, and  wi th  a = 8.50, b = 5-71, c = 19.00/~, 
in essential  agreement  wi th  the  da t a  of Iball .  W i t h  the 
use of the Weissenberg mult iple-f i lm technique and  
Cu Kc~ radiat ion,  da t a  have  been obta ined  for the  zero 
and  higher  layers  for ro ta t ions  about  the three  pr incipal  
axes. I n  all, 210 reflections have  been recorded and  thei r  
intensi t ies  es t imated  visually,  the  number  being l imited 
so far because of difficulties in preserving the  volati le 
crys ta l  specimens. L imi ted  success in preserving the  
crystals  was a t t a ined  b y  coat ing t hem wi th  di luted 
colorless nail  polish. 

The d is t r ibut ion  of peaks  in a Pa t t e r son  project ion 
[010] s t rongly  suggested space group Priam. The p lanar  
model  below (similar to Iba l l ' s  f irst  t r ia l  s t ruc ture  and  to 
Fenimore ' s  model for half  the  bifluorene molecule) was 
adopted.  Sat i s fac tory  pre l iminary  agreement  between 
calculated and  observed s t ruc ture  factors for the  reflec- 
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t ions of the  three  pr incipal  zones was obta ined  for a 
s t ructure  hav ing  the  model  molecule oriented parallel  
to z wi th  the  point  0 a t  x/a----0.353, y/b----0.431, 
z/e ---- 0-250, wi th  an  angle of 30.5 ° between the  line OP 
and  the  y axis. The rel iabi l i ty  factor  X(llFo[- ]Pcl])+ 2:[FoJ 
was 0.22. The value of B i n  the tempera ture  fac torwas  
4.6 × 10 -1~ cm ~. 

Elec t ron-dens i ty  project ions [100], [010], and  [001] 
were computed  using X-RAC. The [100] project ion shows 
each molecule, bu t  no t  each a tom,  resolved. I n  the  [010] 
project ion carbons 2, 3, 7, 8, 10, 11, 12, and  13 are clearly 
resolved, and  thei r  posit ions show the approx imate  cor- 
rectness of the  angular  or ienta t ion of the  benzene nuclei 
as given in the  model.  In  the  [001] project ion,  each mole- 
cule is seen edgewise as one l ink in a zigzag chain.  The 
shape and  dis t r ibut ion of contours  in th is  project ion are 
consis tent  only wi th  a s t ruc ture  in which deviat ions from 
un ip l ana r i ty  are no more t h a n  tr ivial .  

The essential correctness of the  proposed p lanar  struc- 
ture  of fluorene is regarded as established. The process of 
ref inement  is being carried out,  and  efforts are being made  
to record more of the  1090 reflections theore t ica l ly  access- 
ible using Cu K ~  radiat ion,  in the  hope of achieving a ve ry  
accurate  s t ruc ture  determinat ion.  

We grateful ly  acknowledge the  kindess of Prof.  R a y  
Pep insky  of the  Pennsy lvan i a  Sta te  College in al lowing 
our Pa t t e r son  and  Four ier  syntheses  to be performed on 
X-RAC. 
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