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wd The Crystal Structure of Wickel Salicylaldoxime

S
T By Lynne L. Merritt, Jr. and Charles Guare
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i
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Present Address: General Electric Company, Schenectady, New York

The structure of nickel salicylaldoxime has been studied by X-ray single
crystal methods. The unit cell is mogoclinic, spgce group Py /ny two molecules per
unit cell, and a = 13.63 4, b = L.89 4, ¢ = 10.2 4, B = 110°26%, The nickel atoms
are required to te at symmetry centers and the bonds zaround the nickel atom must
be in a trans planar arrangement. The vhole molecuie is planar., There appears to
be a very strong, short hydrogen bond (2.45 A) between the phenclic oxygen atom of

one organic residue ana the oxire oxygen atom of the second organic residue in
each molecule,

1. Introduction -
This laboratory has been investigating the structures of chelate complexes
of analytical importance for the past few years. One of the substances used
for the precipitation of nickel is salicylaldoxime (Ephraim 1Y3l). A preliminary
investigation of the structure of nickel salicylaldoxime was made by Cox (1935),
who showed the crystals to be monoclinic, space group, le/n - C8h; a = 13,63 A,

Q
b = L4.89 A, c = 10,20 4, B = 110°30' and Z = 2. Since the nickel atoms mist be at
symmetry centers and the molecules must be centrosymmetrical, this substance was
selected for further study because of the ease of determinaticn and, furthermore,

the comparison of this structure and that of nickel dimethylglyoxime (Godycki and
Rundle, 1951, 1953) might be interesting, &

2. BExperimental

The salicylaldoxime used was an Eastman fodak Co. product, mp. 56.5~57.5°C
with a slight tan color. Its nickel salt was formed according to the method
emplcyed by Cox (1935). The green precipitate was filtered, washed with cold water,
sucked dry on a Buchner funnel and allowed to dry overnight in the air.
crystals wcre grown by dissolving some precipitiate in boiling chloroform, allcwing
the chloroform to cool and then to evaporate slowly at room temperature. Small
" plates with an average size of about 1.5 x 1.0 x 0,5 mm. result. Small, needle-

like crystals with a nearly uniform diameter of about 0,5 mm. were selected for

X-ray work. The unit cell dimensions, measurcd from rotation photographs about
the principal axes, were

Single

2 = 13.63, b = 4,868, ¢ = 10,2 A
§ = 110°26' (by mcthod ofwseparations).

These values are in good agreenment with those reported by Cox (1935), The space
group 1s uniquely determined by the systcmatic extinctions to be le /n (Cox (1935)
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reported le L apparently duc to a typographical error). The observed density of

g.cm™3 indicates two molecules per unit ccll, calculated density = S CH 2
The molecules must be centrosymmetrical with nickzl atoms at symmetry centers,

Multiple=film equi~inclination Weissenberg photographs were taken about
1010] for layers n = O to n = 3 and about [001] for layers n = O ton = 5,
Altogether 1097 reflections of measurable lntensity were observed and, in additiom.
200 reflections wore observed to be absent either due to systematic space-groun
extinctions or t¢ the fact that thcy were too weak to be recordeds Intensitics
were estimated visually by comparison with an intensity strip prepared by a serics
of timed exposures of a typical reflection. A film factor of 3.7 was used.
Intensities werc corrected in the usual manner for Lorentz and polarization facta.r
J and for oblique penetration of the film by the X-rays and the time factor for
reflections on non=-cquatorial layers. 4&ll intensities were reduced to a common
level by cross=comparison of reflections common to pairs of films. No corrcctions
werc made for crystal absorption and the experimental error from this omission
may account for a larg> part of the final discrepancy between observed and calculnteu
structurc factors,

3. The Structure Determination

Since the nickel atems are located at symmetry centers (000 and 1/2, 1/2, 1/2)
most reflections of the type (hOl) should hawve pesitive structure factors,
especially if 7 is large. Onec can start irmediately with an electron density
projection upon (010) using about 142 (hOl) reflcctions which have F values larger
than 5 and assigning thesc structure factors positive signs. actually we prepared
a Patterson prejection upor (010) and calculated structurc factors for the re=-
flections from the positicns of the atoms rcad from this Patterson projection.

The Patiterson shows quite clzarly a picture of the molccule. After each electron-
density prejecticn, the certers of the atoms were determined by the method of
Carpenter and Donohue (1950). Hew structure facters were calculated and the least-
squarcs-best vclucs of k, the scale factor, and E, the coefficient in the exponent
of the isctroic temperaturc factor in equation (1), were determined.

Y

KFo =|F.lexp (-2 sin2 &

E (1)

;
:
i

The atomic scattering fictors used in structure factor calculations were
taken from the Intcrnationale Tabellen (1935) with correcticns for nickel
for the dispersi-n dues to the K elcctrens with copper Ka radiation being applied
according to the formulas of Honl (1933).

| After the fourth electrun density projection upon (010) there were no

further sign changes in the structurc factors 2nd this methed of refinement was
discontinued, The valuc of R, defined in equaticn (2) was,

Sl \Fclexp(-_?_ﬁ)s‘inzg))

T K, @)

howsver, still .24 using all 16L observable reflccticns of the type (hOl).
Figure 1 shows the fcourth c¢lectron=density projccticn upon the (010) plane.
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VWith the x and z parameters of the atoms now fairly well established, it
was necessary to find the y parameters. A first approximation was obtained
by noting that the projectcd bond lengths parallel to [ 100 Jwere much shorter
than the accepted values for the bond lengths while the projected lengths of
bonds perpendicular to [lCDt]“mre about normal. Using Pauling's (1948) values
of bond lengths, the average angle of tilt was about L9 1/L° about an axis
lying in the (010) plane and making an angle of 39 1/2° with [0M1] in obtuse .
Assuming that the molecule was planar and was tilted in this maaner, it wes
possible to calculate apprcximate values of the y parameters of the atoms.

Structure factors were then calculated for the 1097 observed reflections.
The value of R, defined above, was O.47 at this point. Threc bounded electrcn-
density projections for the matter in the region x = O to a, y = O to b and
2z = 0 to 0.5¢c reduced R to only 0.33 for the LS50 reflections employed., A three-
dimensional electr. n=density synthesis wes calculated fer thirteen secticns
parallel to (010). The intervals chesen were x = O to § by sixtieths; 2z = O to

¢ by sixtieths and y = 0,1,2,3,L4,5,6,7,8,10,11,12 and thirtieths of b,

Centers of atums were azain calculated by the method of Carpenter and
Donohue (1950); structure factcrs were calculated and a least=squares-best
value of k and B were obtained, The value =f R for all 1397 cbserved reflecticns

was 0,32 while R for only the (hOl) reflccticons was 0.22 showing that the greatest
errors were in the y parameters.

The y parameters were refined by one application of the method of lecast-
squares as developed by Bugh:s (1941) using the relaticnship

Z(Fo—Fc) 8 Fc
o Ov;

Ayi &

(3)
2 (55 |

AYi

Reflecticns whose signs of Fc were uncertain were given weights of O and all others
were weighted 1 in this approximati:n, R wzs rcduced to 0,27 by this refincment,
including all 1297 reflecti.ns whether obscrv:d c¢r nute In the case c¢f an

uncbserved reflzcticn, FO-Fc was taken as zero if F, was less than half the minimum
observable value for that regicn <f the film and otherwisc it wes tcken as 1/2 Bl =
F, where Fmin. is the minimun: observable value fur thet regin of the film, ‘

The least=squares rcfinement was applied to alil parameters and, after
calculating new structure factors and k and f values, R fell to 0,24 for ali
1297 reflecticns and was 0,19 for the (hOl} reflectims. A further refinement
of the y parametcrs only, by the method of leaste=syuares brought no improvement
and only slight shifts cf the atomic pesiticns.

An attempt to apply an anisotropic temperature fuctor was unsuccessful ;
however, the directicn of maximum vibraticn may not have been properly sclected.
The structure determination was concluded at this point; further refincments have

recently been initiated under a new contract with ancther agency. Values cf the
parameters of the atoms are given in Table I,

- men
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Table 1

Atcmic parametors in nickel salieylaldsxime

\ Atom x/a y/b z/c
Ni 0.500 0.500 0.500
Q O, 0.592 0. 760 0.503
| Ca 0,593 0.935 0.398
Ga 0.680 1.105 0.428
{ Cs 0. 630 1.293 0.318
‘ Be 0.601 1.23%9 0.189
B 0.513 1.137 $162
Gs 0.510 0.970 @298
Gg 0.Lk21 0. 787 0,237
Nyo 0.407  0.585  0.322 %
Oass 0.317 0,432 Ce267 1'

Interatemic distences and angles are given in Table II,

Table II
Interat mic Distonces and Angles in Nickel Salicylaldcoxine

Bonded .atens ° Nen=bonded atoms

3cn d, A atons d, &

Ni~GCy 1.77 G,1-0, 2,45
Ni-i; o 1.67
0,~C3 1.37
Ga=Cq 1.39
C3~Cgq Lol
¥ C4~Cs 1.45
Cs-Ce 1.L3
Ce=C- 1.38
CrCg 1.38
Cg~Co 1.LL
Co=Nio 1.37
N1o=011 1.36

R P A H TR AN I AT B AT A TIPS o s 2 500 S
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Atoms Angle Atoms Angle
0x=Ni=N; o 95° 12! Cqa=C3=Cg 118° 35t
0p1-Ni-tl; 84° L8B! C3=Cg=C 12L° 59!
ML=y =071 120° Cg=C7~Ce 116° 30!
Com=ily =011 114° 24! C7-Ce~Cs bis Al L
Ni-=Njo=Co 125° 15! Ce=Cs~Cq 121° 27!
Ny o~Cg~Ce 126° 11! Cg=Cqa=Ca 116° 03!
Cg=Cg=Ca 118° L1!

Ce~0a-02 125° 09!
Ca=0p=ili 129° 20!

A1l atoms of the n:lecule lic peorly on a plane. The equation of the least-
squares best plane in terms of the unit-cell vectcrs is

x +1.070y - 0,811z = O

L]
Distances of the atems from this plane vary frcm zero to 0.10 a with an average
value of 0.04 .

Table III gives values of Fp and F, for all reflections. The value of B, the
coefficient in the expcnent cf the temperature factor is 2.1l x 10716 cm?.

4. Discussiun of Structure

Several factcrs contributc to the fairly large value of R, 0,24, which
remains in this structure determination. ¥First of all, there is probably an
anisotropic temperaturc factcr. It was thought that there should be a directicn
of minimur vibraticn in the unit cell about in the hQ3J direction. This is
roughly an axis cormon to bsth moiecules in the u cell, HhHowever, an attempt
to improve R by applying an anisotropic temperature factor, with coefficients
determined by the method of least-squares did not cause significant improvemsnt.,
Another factor causing R to be larger than usual is that we include all reflections
even though some are obvisusly affected by secendary extincticn, In the case of
anobserved reflections we have included the differcnce between Fc and F min

whenever F., is larger than ¥ min. & third factor is that the scattering due to the

hydrogen atoms has been neglectcd entircly.

Several facts indicate that the structure is rcasonably correct ig spite of
the value of R, The average length of the benzene ring bonds is 1.43 4, which is
in good agreement with the gencrally accepted value of 1,39 to 1,40 A. The
benzene ring bonds vary in this determination from 1.38 tc,1.45 A. The molecule
turns out tc be nearly planar with no atom more than 0,10 A from the least-squares
best plane,

Infrared measurements, carried out by Mr. Jack Ygung under another project,
indicate an Og3=0;; hydrogen bunded distance of 2.L7 & which is in close

st Gy e
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agreement with the distance of 2.45 a calculated frem this structure determination.

\ There is some evidence of rescnance in the six-memberyd ring contnrining the
nickel atom. Each single bond appears to be 0.06 t0,0.10 & shorter than a normal
singlc bond and each :dcuble boné appears to be 0,10 & longer than the normal
isolated double bonde Since the trus values for the nickel-oxygen and nickel-
‘ nitrogen bonds are nnt precisely known, it cannot be stated definitely that thesc
bonds are shortened, If thaere really is some rescnance in this chelate ring, «
\ then some Ld orbitals must be involved.

) The short oxygen-oxygen hycr-gen bond distance was uncxpected. The twe
' cxygen atoms in this complex are bonded differently and are not exactly simile:
! except for the hydrogen atom, as tiey are in nickel dimethylglyoxime in which

. kuncle (1952) b:lieves therc is a symmetrical hydrogen bond. It may be that the
boni is not symmetrical in this complex althocugh it is very short,

There are no unusually clese aporeaches between itoms of different moleculos
and thus the erystal must bc held together primnrily by van der Wwaal's forces.
There is no indication in this cvnplex of nickelenickel bonding as there is in tie
nickel dimethylglyoxinme crystal (Godycki and Rundle 1953).

Bef.re any c:nclvsicns cbout the distortion of the salicylaldexime molecule 4
upon formation ¢f thc nickel complex can be crawn, the structure of salicylald:xire 3
must be determined. e hipe t:- work upon this structure in the near future, '?
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