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Crystalline hydrazonium sulphate exists in two modifications, one orthorhombic and the other 
monoclinic. The crystal structure of the orthorhombic modification has been determined by the 
Laue and the rotating-crystal methods. The unit  cell, containing four units of the chemical formula, 
has a-8-251, b-9.159,  c-5-532 A. The space group is D~-P2t2121. The atomic co-ordinates were 
determined by means of Patterson-Harker diagrams and two-dhnensional Fourier syntheses. The 
sulphate group has the configuration of a nearly regular tetrahedron with the S-O distances 
1.48-1.49 A. The O-O distances between different sulphate groups are greater than 3 A. The hydra- 
zonium ion may be considered to be of the trans type, the N-N distance being 1.40 A. One of its 
nitrogen atoms forms three hydrogen bonds with the N-H. . .O distances 2-73 (two) and 2.77 A., 
and the other may  be regarded as forming three bifurcated hydrogen bonds with the distances 
2.79-2.99 A. Besides the oxygen atoms linked by the hydrogen bonds, each N~H6 ++ group has three 
more oxygen neighbours, the total number of oxygen neighbours surrounding an N~He ++ group 
being eleven. 

Introduction 

Hydraz ine  forms two kinds of salts in which it  exists 
either as N~H5 + or NgH ++. For the present we shall call 
the former the hydraz in ium and the lat ter  the hydra-  
zonium ion. Among the salts, only two, namely  hydra-  
zonium fluoride, N~H6Fg. (Kronberg & Harker,  1942), 
and hydrazonium chloride, N~H6CL (Wyckoff, 1923; 
Donohue & Lipscomb, 1947), have hitherto been 
examined by  X-ray  methods. I t  is the purpose of the 
present investigation to obtain some further  informa- 
t ion about  the nature  and structure of hydrazine salts. 

Crystalline hydrazonium sulphate exists in two modi- 
fications (Groth, 1906-19), one orthorhombic and the 
other monoclinic; the former is dealt  with here. 

Preparation of  crystals 

Single crystals used in the structure analysis were 
obtained by  allowing a sa turated aqueous solution to 
evaporate slowly at  room temperature.  They are flat 
in shape a few mill imetres square. We observed not 
infrequent ly  tha t  the orthorhombic crystals were 
accompanied by  the monoclinic ones in the same 
solution. However, the lat ter  were easily dist inguished 
from the former by  the form, and also by  their  readiness 
to become opaque. Our goniometric measurements  
showed the crystals obtained to be of class D~-222 with 
the axial  ratios a : b : c = 0.9012 : 1 : 0.6040 and to cleave 
perfectly on {100}. The above value of the axial  ratios 
is in good accord with tha t  given by  Groth (1906-19). 

Unit cell and space group 

Laue photographs taken with the X-ray  beam parallel 
to the crystallographic axes showed the symmet ry  
D2~-mmm. Complete sets of oscillation photographs 

AE4 

about  the  a, b and c axes taken  with filtered Cu K a  
radiat ion were indexed in the usual  manner .  The 
dimensions of the uni t  cell were obtained from these 
photographs,  an~t more accurate values were deter- 
mined by the back-reflexion method,  using (4,11.0), (207) 
and  (10.0.2) spectra. They  were 

a = 8.251 _+ 0.005, b = 9.159 _+ 0.001, c = 5.532 _+ 0.001 A., 

giving the axial  ratios a : b" c = 0.9009" 1" 0.6039, also in 
good agreement  with the above goniometric values. 

F rom the  size of the uni t  cell and the  density,  
2.016g.cm. -3, determined at  7 ° C. by  the pyknometer  
method,  the number  of the formula units  in the uni t  
cell was calculated to be four. No regular absences of 
reflexions other t han  (hO0), (Ok@), (00l) with h, /c, 
and  l odd respectively were observed, thus  giving 
D~-P212121 as the space group. 

Determination of  the structure 

Since, on inspection of a few pre l iminary  oscillation 
photographs,  the crystals showed a considerable ex- 
t inct ion effect, their  surfaces were ground with emery 
powder to el iminate it. I n  this  way, it was possible to 
obtain good crystals for the c-axis photographs. But  the 
ext inct ion effect could not  be el iminated completely 
from the specimens for the photographs around the a 
and b axes. Suitable corrections were therefore neces- 
sary for the strong reflexions of (Okl) and (h0l), the  effect 
being more pronounced for the lat ter  zone. The cross- 
sections of the rod specimens were 0 . 1 9 x 0 . 1 9 m m .  
for the [100], 0 . 2 5 x 0 . 3 0 m m .  for the [010], and 
0.15 x 0-38 mm.  for the [001] photographs respectively. 
The intensities of reflexions were est imated by  means  
of a microphotometer.  Structure factors were deduced 
from these intensi ty  da ta  in the usual  way. As the 

I9 



290 T H E  C R Y S T A L  S T R U C T U R E  OF O R T H O R H O M B I C  H Y D R A Z O N I U M  S U L P H A T E  

crystals were very  thin,  the absorption correction was 
assumed to be negligibly small. 

For  the space group D~-P2z2x21 , there exists only one 
set of positious, the general four-fold positions: 

4(a) x,y,z; ½-x,  ff,½+z; ½+x,½-y,z; x, ½+Y, ½-z. 
Disregarding the hydrogen atoms, there are then  
twenty-one parameters  to be determined: three for each 
of the atoms S, 01 , O H , OIH, Oiv,  N I and NII. 

As the first step in the structure determination,  
ordinary Pat terson projections on (001) and (010) were 
made, using the (hkO) and the (hOl) data  respectively. 
However, as both of them were found difficult to inter- 
pret, refined Pat terson projections on these planes, 
with peaks sharpened, were then  calculated from the 
formula 

P' (x, y) = Z Z I F(hkO)/f I ~ cos 2zr(hx + ky), 
h k 

where f =Z f~ /ZZ  r, 

for the (001) projection, and from the similar formula 
for the (010) projection, Z r a n d f r  being the number  of 
electrons and the uremic scattering factor for the r th  
a tom respectively. Although the peaks were made 
somewhat  clearer, they  were still not sufficiently 
resolved to permit  an unambiguous interpretat ion.  Two 
Harker  functions, H(x, y, ½) and H(x, ½, z), making  use 
of the two-fold screw axes parallel to the z and y axes 
respectively, were calculated as the next  step. F rom the 
Harker  and the sharpened Pat terson maps,  approxi- 
mate  parameters  for the S, 01 , 0 i t ,  0 m and Oiv atoms 
could then  be determined, while those for N I and Nit  
remained unfixed. The values obtained for the para.- 
meters also explained the peaks of the three-dimensional 
Pat terson functions along the lines parallel to the c axis 
and passing through several peaks in the sharpened 
Pat terson m a p  P'(x, y). I t  was then  possible to proceed 
to make  Fourier  projections of the electron densi ty on 
(001), (100) and (010), using the values of those structure 
factors whose signs were determined unambiguously  
by  the contributions of the sulphur and the oxygen 
atoms only. By  the method of successive approxi- 
mat ion  the  final projections including all observed F ' s  
were obtained (Figs. 1, 2 and 3). 

The atomic parameters  (Table 1) determined in this 
way  were finally adjusted by  small  amounts  to obtain 
the  best agreement  between the observed and calcu- 
lated F ' s .  

Table 1. Final atomic parameters 
x y z 

s -- 0.0450 0.0677 0.2181 
Oz 0.0618 0.0860 0.0033 
Oiz 0.0320 0.0723 0.4600 
Ozi I -- 0.1625 0.1917 0.2144 
Oiv - 0.1290 -- 0.0750 0.1917 
N z - -  0-0020 0.3340 0.7450 
NII -- O" 1655 0"3173 0"6800 

In  calculating the structure factors the atomic 
scat tering factors used for sulphur and oxygen were 

those of S +° and O- - listed in the Internationale Tabellen, 
and the factors for - N H  + group were taken equal  to 
those for N plus the difference between those of O - -  
and O. The effect of thermal  motion was taken  into 
account by  mul t ip ly ing the calculated F values by  a 
temperature  factor e x p [ -  B(sin ~/~)2], where B = 0.4 A. ~ 
The values of R = ~  l! Fo I - IFc  II/z I Fo I are 0.17, 0-21 
and 0.27 for (0kl), (hkO) and (h01) zones respectively. 
The larger value of R for the (h01) zones m a y  be 
a t t r ibuted to the less accurate in tens i ty  values due to 
appreciable extinction effect. 
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Fig. 1. Fourier projection of the electron density on (001). 
Tho contour lines are drawn on an arbitrary scale. 
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Fig. 2. Fourier projection of the electron density on (100). 
The contour lines are drawn on an arbitrary scale. 
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Fig. 3. Fourier projection of the electron density on (010). 
The contour lines are drawn on an arbitrary scale. 

D i s c u s s i o n  o f  t h e  s t r u c t u r e  

The interatomic distances calculated from the para- 
meter values (Table 1) are given in Table 2. The errors 
of these distances should not exceed 0.04A. The pro- 
jections of the structure on (001), (100) and (010) are 
shown in Figs. 4, 5 and 6. 

The sulphate groups in the refit cell are all s t ructural ly  
equivalent.  The S-O distances of the group are 1-48 and 
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1-49A. These values are somewhat shorter, than the 
generally accepted value 1.51 A. (Pauling, 1940). The 
0 - 0  distances within it lie in the range 2.37-2.54A., 
bond angles of A O-S-O from 106 to 117 °, thus giving 
the group the configuration of an approximately regular 
tetrahedron. The O... 0 distances between different sul- 
phate groups are all greater than 3 A., which is con- 
siderably longer than that usually expected for the 
O-H.. .O hydrogen bond. I t  is therefore unlikely that 
in this crystal there exist hydrogen bonds between 
oxygen atoms, as is frequently the case for acidic salts 
of oxygen acids (e.g. NaHCOa, KH~POa, etc.). 

Table 2. Interatomic distances 

S - O  I 1.49 
-OIi  1-48 
--Oii I 1.49 
-Oiv  1-49 

A. Nz...O[ (A) 2"73* A. 
...O,z (A) 2"89 
...O H (B) 2"73* 
...Ozv (B) 2"77* 
• ..Or (B) 2"78 
• . . O m  (C) 2-82 
...OH[ (A) 3"19 
...O~H (A) 3"47 

Nzr...Oiz r (A) 2"82~t 
• . .Oiv (D) 2"79~, - 
• ..Oz (C) 2.99)t ~ 
• ..Oz (B) 2-82[ 
• ..Oz~ (O) 2.80! ~ 
...O~i r (A) 3-17 
...Oii (A) 3.03 
• ..Oiv (B) 3.22 
...Ozi (B) 3.26 
• ..OI (A) 3.35 

Oi--Oii 2"54 
-OH[ 2-40 
-Oiv  2.39 

Oii--Oiii 2"37 
-Oiv  2-41 

Oii i -Oiv 2"47 

NI-NII  1"40 

O~(A)...OI~ (A) 3.02 
• . .Oiv (B) 3"44 
• ..O~v (B) 3"50 
• ..OIII (C) 3.28 
...Ozi (D) 3"73 

Oil(A).. .Oii I (n )  3"54 
. . .Oiv (D) 3"56 

OIII(A)...OIv (B) 3'26 
. . . O i v  (D) 3"33 

OIV (A).. .Oiv (B) 3"75 

* Normal  hydrogen bond. 
Bifurcated hydrogen bond. 

The value 1.40 A. obtained for the N-N distance is 
somewhat shorter than 1.42A. found in N~HeF~. 
(Kronberg & Harker, 1942) and NzHoCl~ (Donohue & 
Lipscomb, 1947). In both of these halides the cation 
has been found to be N~H ++ of the minimum symmetry 
Cai-3, having thus the trans configuration. The same 
conclusion has been chawn from the consideration of the 
directions of hydrogen bonds. According to the experi- 
ments on the Raman effect, the frequencies of the N-N 
valence vibration for N~H~ in the liquid state (Kohl- 
rausch, 1936), and for NzH + and N2H ++ in aqueous 
solutions (Edsall, 1937), are 876, 965 and 1036cm. -z 
respectively. Considering these facts, it is concluded 
that the increase of the frequencies may be connected 
with the increase of the total charge of these groups. 
The N-N vibrations for crystalline NzHsCI~ and NzHsSOa 
are 1024 and 1050 cm. -z (Ananthakrishnan, 1937), both 
of which correspond to the above.mentioned frequency 
of N~H++; thus it is probable that the cation in 
crystalline N2HsSO~ is in the state of N2H ++. This is 
further supported by the fact that  the N-N distance is 
1.47 A. (Gigu&re & S c h o m a k e r ,  1943) for  t h e  hydra , z inc  
molecule (in gaseous state), 1.44A. fbr the NzH + ion 
in hydrazinium chloride, N2HaC1 (Nitta, Sakurai & 

Tomiie, unpublished), and still smaller values 1-40- 
1.42A. for N~H ++. ..A detailed discussion of the 
structure of the N~H ++ ion has been given by Kronberg 
& Harker (1942) in their investigation of the crystal 
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J "" i 
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Fig. 4. The projection of the struetur~ on (001). The solid 

lines represent chemical bonds and the broken lines hydrogen 
bonds. The numbers give the z parameters.  
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b 
Fig. 5. The projection of the structure on (I00). The solid lines 

represent chemical bonds and the broken lines hydrogen 
bonds. 
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Fig. 6. The projection of the structure on (010). The solid lines 
represent chemical bonds and the broken lines hydrogen 
bonds. 

structure of N2H6F2. According to them, the shortening 
of  t h e  N - N  d i s t a n c e  o f  t h e  N2H ++ ion r e l a t i v e  t o  t h a t  
in  t h e  g a s e o u s  h y d r a z i n e  m o l e c u l e  m a y  be  a t t r i b u t e d  t o  
t h e  so-ca l led  ' f o r m a l  c h a r g e  effect  ', t h e  c o n t r i b u t i o n  o f  

I9-z 
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the adjacent charge structure to the normal state of the 
ion being estimated to be 25 %. However, it does not 
seem possible that  such a small percentage of the formal 
charge would cause a shortening of the bond distance 
as remarkable as that  actually observed, following a 
discussion given by Donohue & Lipscomb (1947). On 
the other hand, it is to be noted that, according to 
Hughes & Lipscomb (1946), in the case of methyl- 
ammonium chloride crystals investigated carefully by 
X-rays, the C-N bond distance does not apparently 
show the effect of shortening by the formal charge on the 
basis of Pauling's values for covalent radii. Therefore, 
it is desirable to consider what is the reason for the 
shortening of the N-N bond and to study the formal 
charge effect more thoroughly. 

One of the nitrogen atoms, Nz, has three nearest 
oxygen neighbours, Oz(A), On(B ) and Ozv(B ), the 
N.. .O distances being 2.73, 2.73 and 2.77A. These 
N...O distances can be interpreted as those of hydrogen 
bonds. The environment of the other nitrogen atom, 
Nn ,  is somewhat complicated, OIII(A ) and 0I(B ) being 
both at 2.82 A., 0n(C ) at 2.80 A., 0zv(D) at 2.79 A., and 

OI(C ) at 2.99 A. The directions of the N - H  bonds about 
NII cannot be concluded so simply as in the case about 
N I, but it may be considered that there are three 
bifurcated hydrogen bonds in the following manner: 

~ i  ..OIII(A) .01 (B) 01 (C) 
i:..0zv (D) NiI:: and NH:'" 

0ii(C) ". OIv(D). 

In Fig. 7, the environment of one N~H ++ group is 
projected upon two planes parallel and perpendicular 
to the NI-N n axis. 

The hydrogen-bond distance, 2.73 A., is shorter than 
any so far found for N-H. . .O except for that  of/?- 
glycylglycine (Hughes & Moore, 1949). For the sake 
of comparison, reported values of N-H. . .O distances 
are given in Table 3. 

Oz(B ) and OIII(A), both already hydrogen-bonded to 
Nil , lie respectively at 2.78 and 3.19A. from Iqi, 
whereas OII(B) and OIv(B), also hydrogen-bonded to 
N z, are at 3.26 and 3-22A. from I~ n .  Besides the 
oxygen atoms held by the hydrogen bonds mentioned 
above, each N~H ++ group has still three more oxygen 
neighbours, Ore(C), Ozz(A ) and O~n(A), which are 
linked by the electrostatic attraction to one or the other 
- N H  + group. Thus each I ~ H  ++ group is surrounded 
by eleven oxygen atoms in all. 

The existence of very strong N - H . . . 0  hydrogen 
bonds may be due to the increased ionic character of the 
N - H  bonds as compared with that  in the NH + group 
(Kronberg & Harker, 1942). 

O,,(B) o,(s) 
0 Q O,,(C) 

0 .... "",, q '  A 
o,(c) ........ "',. i.." ...... 

')%:: ........ 
,,,; .: o,, (c) 0o, ,  (A) 

O '  Oo,v(O) 
O,(A) 

O,AD) ~O,,(C) 
O,(C) f",~ ."r" 

W ""-.. 2"79': i 

o 

......... 0 
O,v (8) O,(A) ..2.82 

Oo,,,(C) 

Fig. 7. The environment of one N~H~ + group projected upon 
two planes parallel and perpendicular to the Nr-N u axis. 
The interatomie distances are given in .~mgstrSm units. 

In connexion with the structure of the N~H ++ ion, it 
seems of interest to obtain information regarding the 
structure of N~H + ionl and for this purpose we have 
analysed the crystal of hydrazinium chloride; the result 
will be published later. 

In conclusion, the authors desire to express their 
thanks to the Department of Education for a grant. 
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Diffusion des Rayons  X par !es Fluides* 

PAR G~RARD Fow~ETt 
Offw, e National d'J~tudes et de Recherches Adronautiques 

Direction Matdriaux, 25 Avenue de la Division-Leclerc, Chatillon 8/Bagneux (Seine), France 

(Refu le 20 septembre 1950) 

The intensity of radiation scattered in a medium has been expressed by Zernicke & Prins by means of 
a probability function P(r) for finding two molecules at  distance r;  this function contains a purely 
geometrical description of the state of the system without at tempting any explanation. We give here 
an expression for this intensity based on the kinetic theory of fluids of Born & Green; this expres- 
sion contains the characteristic features of the molecular assemblage, namely, structure factor, 
intermolecular force potential, average volume per molecule, and temperature. 

The theoretical and the experimental curves for the scattering by argon (gas and liquid) agree in 
all essential features. 

1. Introduct ion  

Le d6veloppement de 1'6rude de la diffusion des rayons  
X aux  faibles angles par  des solutions de grosses parti-  
cules (moMcules de prot6ines par  exemple) a donn6 un 
nouvel int6r6t aux  th6ories de la diffusion des rayons X 
par  les ensembles de particules. Le but  de notre t ravai l  
est l '6tude de l 'influence du rapprochement  des parti-  
cules sur la r6part i t ion du rayonnement  diffus6 en 
fonction de l 'angle. Notre  expos6 principal sera limit6 
au cas off les particules, routes identiques, possbdent la 
sym6trie sph~rique. 

La  formule classique (Zernicke & Prins, 1927) de 
l ' intensit6 1 du rayonnement  diffus6 par  un ensemble de 
N particules (contenues dans un volume V) en fonction 
de l 'angle de diffusion 20 est: 

_ sinhr 2 i 
I ( h ) = l ~ ( h ) N F 2 ( h ) ( 1 - 1 f / [ 1 - P ( r ) ] ~  dr t ' 

(1) 

I(h) - Ie(h ) NF~(h)t- 1 -v~(h) l (1 bis) 
I 

* Extrait du paragraphe 1.2.4 d'une th~se de Doctorat 
d']~tat pr~sent6e k la Facult6 des Sciences de Paris: ']~tude 
th6orique et exp6rimentale de la diffusion des Rayons X par 
les ensembles denses de particules' (Paris, 1950). 

off h d6signe le rappor t  (4zrsinO)/h, Is(h) l ' intensit6 
diffus6e par  un ~Mctron, F(h) le facteur  de s t ructure  de 
chaque particule, et v 1 le volume moyen offert ~ chaque 
particule (v 1 = V/N). La fonction de r6part i t ion P(r) 
sert ~ d6finir la probabflit6 P de t rouver  ~ / a  lois le 
centre d 'une particule dans un 616ment de volume dvk, 
tr~s pet i t  devan t  les dimensions des particules, et le 
centre d 'une autre particule dans un 616ment dv~ situ6 

une distance r de dvk: 

p =--dvk dv~ P(r). 
Vl Yl 

I1 est difficile d 'dtudier £ par t i r  de la formule (1) 
l 'influence du rapprochement  des particules sur la 
courbe de diffusion: quand la concentrat ion de la 
matibre augmente,  v 1 diminue, mais on ne connait  pas 
a priori l 'dvolution de P(r). Cette dernibre fonction, 
inventde pour les besoins de la cause, ne fai t  que 
t raduire  un aspect gdomdtrique de la rdalitd sans l 'ex- 
pliquer. Pour  aller plus loin, il fau t  done relier la fonc- 
tion P(r) ~ d 'aut res  caractdristiques de la matibre 
6tudi~e et subst i tuer  ~ l 'expression g6omdtrique de 
l ' intensit6 (1) une express ion '  the rmodynamique  '. 

t Actuellement kDivision Rayons X de I'O.N.E.R.A., 
Laboratoire du Professeur Guinier, Conservatoire National 
des Arts et Mdtiers, 292 Rue St Martin, Paris III,  France. 


