General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



NASA TECHNICAL MEMORANDUM NASA  TM-75418

X-RAY INVESTIGATION OF MOLTEN CRYSTAL HYDRATES H,SO0,:nH,0 AND
T4 T2
HN03'nH20

A. V. Romanova and A. F. Skryshevskiy

(NASA-TM-75418) X-RAY INVESTIGATION OF N79-21921

MOLTEN CRYSTAL HYDRATES H2S04(nH20) AND

HNO3 (nH20) (National Aeronautics and Space

Administration) 13 p HC A02/MF A01 CSCL 20B Unclas
G3/76 20257

Translation of "Rentgenostrukturnoe issledoyanie 'rasplavlenn-
ykh' kristallogidratov H280a°nH20~1 HNO3'nH20".
Vopr osy Fiziki: Metallov i Metallovedenii (Queations on the Physics of Metals
and Metallography), Acadeny of Sciences Ukrainian SSR, No. 4, 1953, pp T0-76

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WASHINGTON, D.C. 20546 APRIL 1979



X-RAY INVESTIGATION OF MOLTEN CRYSTALHHYDRATES H,S0,'nH,0 AND
HNO 3 nFn0

A. V. Romanova and A. F. Skryshevskiy

Carried out in the present study is the X-ray investi- [20*
gation of the molten crystal hydrates stOu-HQO (84.5%
H S0, by weight), stou'tho (57.65% H,80, by weight), and
HNO 5 * 3H,0 (53.8% HNO4 by weight), using the method of
integral analysis of the intensity curves. The procedure
for obtaining the pictures is described in study [1].

The diameters of the samples, for all of the investi-
gated solutions, were selected as considerably less than
the optimal diameters (diameters of 1.5 mm and 2.2 mm were
selected for sulfuric acid, instead of 3.1 mm and 4.6 mm,
and for nitric acid—a diameter of 3 mm instead of 12 mm);
therefore, a correction for absorption was not introduced
during calculation of the intensity curves.

Several samples were prepared from each of the solutions;
two pictures were produced from each sample. The intensity
curves for one and the same solution coincided, within the
limits of measurement errors. Therefore, it was not necessary
to resort to their averaging.

Results and Discussion

Shown in figures 1(a) and 2(a) are the intensity curves,
adjusted to electron units for the liquids HZSOH.Hzo and
H SO, *4H 0.
250",
Two maxima of intensity are revealed on the intensity
curve of liquid H,S0,'H,0. The first corresponds to sin 8/A =

*Numbers in the margin indicate pagination in the foreign text.



0.125, and the second—to sin g/) 20.44,

The intensity curve which corresponds to the compound
H2804-4H20 also has two maxima.
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Fig. 1. Curve cof intensity (a) and distribution

(b) of 1liquid H,S0,H,0.
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Fig. 2. Curve of intensity (a) and distribution
(b) of 1liquid H,S0, *4H,0.



Maximum II proves to be the same, in shape and position,
as in the case of HQSOA~H20. and maximum I is displaced in
the direction of the larger angles. The curves in the area

of _SiTnﬂ ~0.2-0.3 differ appreciably from each other—a recti-

linear section is revealed in this area on the HPSO“-hHZO
curve, and an interference maximum is clearly evident on the
X-ray photograph.

The increased intensity of the scattered radiation in
the area of ﬁdin-e-. 0.2-0.3 is naturally associated with

maximum I1 of water, which is localized with the same

[ e .
A

Qualitative analysis of the curves makes it possible

to state that maximum II (i%Flg '0.44) owes its origin to

structural formations, which do not change with concentrations
in the given case, it is with SO ions. The appreciable change

in the distribution of the intensity in the area of .s:inﬁ from

0.1 to 0.3, with a switch from HZSOH'HZO to HQSOH'UH20, is

due to substantial changes in the structure of the solution.

The function of distribution of electron density was
calculated according to the equation

N K+ 45R%m (R)= K- 47RYy + 2 5 s(f'—-%;f-"!)_sm(smds,

®

where I designates the summation according to all the
atoms of the molecules



K is the effective number of electrons of the
atom mj

F, =L g‘;- is the scattering by one electron of the mole-
B cule;

£Z is the number of electrons in the molecules
R is the distance from a fixed atom;
Pm{R) is the radial density of the electrons;
Po is the average density of the electrons in the
solutions

S = Lm'.si):.'n.e.,

The average density of the electrons for the solutions
wast

]
compound W”x—.

H,50,-H,0 0.554
- H50,48,0 | 0472
HNO:‘SH'O ] 9“”

The data on the average effective numbers of electrons
of the sulfur, oxygen, nitrogen, and hydrogen atoms are
given below.

K ‘ K ' Ky ' K ‘ .
compound ‘ s ° B " ! Ka
H,S0,-H.0 1946 773 - 034 3097
H,50,-4H,0 21,28 8.19 — 0.36 904
HNO,.3H,0 - 8,65 162 | 037 62,11

The function of distribution of electron density for
stou -H20 is represented by the curve in figure 1(b), and
that for stou-tmzo by the curve in figure 2(b).

Observed on the curve of distribution of HZSOR-L&HQO is



the single maximum I with R =1.5 £, and a clearly expressed
maximum II with R =2.55 R, as well as a slight preference
of the molecular distances in the liquid with R =3-4 8.

If one assumes that the position of maximum I (R=1.5 &)
corresponds to the distance between the sulfur atomes and the
oxygen atoms in the SOI4 ion, i.e., to the least possible dis-
tance, then the area beneath it should have been 2(K8-K°)-4 =
1395 units. The area was experimentally found to be 1370
units. This gives one the right to assume that maximum I
corresponds to the interatomic distance S—=0 in SOE'. and
is found to be in accordance with the data obtained during
the investigation of the NaG(SOA)ZClF crystal.

Maximum II proves to be sufficiently acute, and corres-
ponds to the distance R=2.55 . It is close to the former
in width. Therefore, it is natural to assume that it is
associated with the preferential distances between the
oxygen atoms in the Sou ion, on the one side, and with the
adjacent water molecules on the other. The part of the
area, caused by the intraion effect, is (KO'BKO)'4==805 units.

After subtraction from the total area of 2600 units of
maximum IT of the area, which corresponds to the 0~—0 dis-
tance inside the SOB' (805 units), a maximum is retained on
the curve, although it is not sharply pronounced (dotted II).
The presence of the latter indicates that there is some
preference in the mutual position between the oxygen atoms
of the SOM ion and the water molecules. The fact that the
position (with R = 2.50-2.55 R) of the maximum nearly coin-
cides with the distance between the oxygen atoms of the SOy
ion and the nearest water molecules of a solid crystal hy-
drate of the same type as BeSOy4H,0 deserves attention L2].

Proceeding from the magnitude of the area of dotted



maximum II, one can calculate the number of water molecules
N which "surround" each oxygen atom of the SOE':

[2(Ko-Kno)N]-4=1500 units:

if one sets K = 8.2 and Kaé-e.lo. then it turns out that N =
2.3 molecules.

In solid Besoqohﬂao crystal hydrate, each oxygen atom
of the soa ion is bonded with two water molecules.

We will note that the path of the distribution curve
in the area from 1 to 33 corresponds well, as is shown above,
to the tetrahedral model of the SOlr ion, and completely pre-
cludes the possibility of a planar model. If the model of
the SO;' were a planar quadrangle with oxygen atoms at the
corners of the latter and a sulfur atom in the center, then
there should be a maximum displayed on the distribution curve

at 2.1 §. The experimental distribution curve at this point
acquires a value equal to zero.

The distribution curve of stO“'H?O (fig. 1,b) also
reveals two maxima: I-—a single maximum with R=1.5 R, and
II—R=2.55 R.

There is nu doubt of the fact that maximum I character-
izes the structure of the SOE', just as in the case of H,S0, *

4H,0. Actually, the calculated area of the maximum 2(KO°K8)'4

= 1235 units, and the experimental area is 1160 units. The
position of the maximum with R=1.5 R corresponds to the S—0
distance.

Just as in the case of Hésou-szo. maximum II is complex,
corresponding to the preferential distance between the oxygen
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atoms of the SOa atoms on the one side, and the oxygen atoms
of the ion and the water molecules on the other.

Attention is drawn to the fact of the considerable
decrease in the area of the second maximum and its great
isolation, as compared with H SOM «4H 0, which is evidently
found to be connected with the decrease in the percent con-
tent of water.

The area under the second maximum, with R = 2.5/, %, of
the distribution curve is equal to 1600 units.

If, as in the preceding case, an area (K 3K, )4 =717
units, which corresponds to the distance Rq :2 h5 R in the
tetrahedral SOA ion, is picked out from the total area
under the second maximum, then the nuaber of water molecules
bonded with each oxygen atom proves to be equal to ~ 1.3
molecules. There is no data on the structure of solid
crystal hydrates of the same type at our disposal.

The intensity curve of the molten HN03'3H20 crystal
hydrate, and the distribution curve which corresponds to it,
are given in figure 3 (a and b).

The single maximum I with R=1.2 &, and maximum II with
R=2.10-2.15 R, are well expressed on the distribution curve
of HNO,*3H,0. In addition, with R =3.0-3.5 %, maximum III,
which is weakly expressed, is also observed.

Maximum I on the distribution curve corresponds to the
distance R=1.2 8. If one takes into account the fact that
it is isolated, then it is natural to associate it with the
intermolecular distance. 1In our case, this can only be the
distance between the atoms in the complex N03 ion. If one
proceeds from the known data on the radii of the nitrogen and



oxygen atoms, given below, thenR=1.2 R should be considered
the distance between the nitrogen and oxygen atoms in the NO3.
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Fig. 3. Curvé~of intensity (a) and distribution
(v) of liquid HN03'3H20.

If one calculates the area which should be bounded by
the curve in the area of maximum I, then, in this case, it
should prove to be equal to 2(KN'KO)-3 =395 units; in the
experiment, a value of 420 units was obtained.
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N 0,70 l 0,61

0.5%
o 066 l 0,57 051
Key: a. Atoms d. double
b. Bonds e. triple
c. single

Thus, one can think that, in this interval of distances,




no other distances between the atoms, except RN-o in the Nog.
occur.

The second maximum, located at R =2.10-2.15 R. is ex-
pressed sufficiently well, although it is not isolated. The
area under it is equal to 700-730 units.

If one assumes that in the area R, encompassed by the
second maximum, there occur distances between the oxygen
atoms in the NO3 ion, then, for the distances R, _, , one
should adopt 2.10-2.15 2. Judging by the nature of the curve,
there are no distances less than 2.10-2.15 £.

In the literature, one can encounter two models of NOg /26
a planar model and a pyramidal model. In the first case,
the oxygen atoms should be located at the corners of an
equilateral triangle, and the nitrogen in the center of the
triangle. Adopting the distance between the N and 0 as equal
to 1.2 R, we obtain 2.07 R for the Ry_, in the NO,. 1In the
second case, the NO3; ion is in the form of a pyramid, at the
corners of the base of which are located the centers of the

oxygen atoms, and at the apex—the nitrogen atom.

The position and relative magnitude of the area of the
first and second maxima correspond well to the planar model,
with parameters which coincide with those which were found
for NaN03.

The distribution curve for the pyramidal model should
differ substantially from that found experimentally.

Conclusions

X-ray investigation of molten crystal hydrates was
carried out by the method of integral analysis of the intensity



curve.

Through consideration of the distribution curves of
the electron density, it proved possible to draw the
following conclusions on the structure of the complex SO
and NO ions, and the short-range order in the structure of
the solution.

1. Obtained by X-ray means were direct proofs that ihe
S0y ion in the solution has a tetrahedral structure, with an
S—~0 distance equal to 1.5 £, while for the N03 in the solu-
tion, a planar triangular shape is probable, with an N-0
distance equal to 1.2 .

2., The preferentlial distances between each of the
oxygens of the SO ion and the nearest molecules of water
proved near to the corresponding fixed distances in solid
crystal hydrates. The average number of water molecules
found at these distances is equal to * 2.3 for an Haso“-uﬂzo
solution, and close to the coordination number in solid
crystal hydrates, where it is equal to 2.

For an H,504°'Hy0 solution, the average number of water
molecules "surrounding” each oxygen atom of the S0, is on
the order of 1.3 molecules.

Hence, one can concludz that the preferential distances
between the water molecules and the oxygen atoms of the SO
ion, and the preference of their mutual position, correspond
to the fixed position of these same elements of the structure
in the so0lid crystal hydrate.

In conclusion, one should also note that the structure of
the complex ions (S04, NO3) in liquid solutions is determined

first by the interference method.
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