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ABSTRACT
The s»inel, ZnCrCoQOy, on which very little work has been done so far, has been studijed
using the %-ray difiraction, reflectance and X-ray spectroscopic methods. It has been found that the
sninel is cubic with a= 829 A. In this spinel the oXidation states of Zn ions appear to be two
and that of the Co and Cr ions three. These studies show that the spinel has the ionic structure
Za* [Cr3 Co?] 0. The absorption bands in the refleztance spectrum are interpreted in terms of

electron transition on the basis of ligand field theory. The information regarding the crystal field
salitting for Cr3t and Co% ions in the spinel has been obtained.

INTRODUCTION

XIDIC s»inels have attracted atlention because
of thzir intz"esting eleztrical and magnetic proper-
ties. Thsase prooerties denend upon the valence state
a13 thz site distribution of the cations in the lattice
of the s)inel*3, The information vegarding the
valense state and site distribution can be obtained
from Mssbausry®, X-ray diffrastion®, solid solution®,
elastrical and maznetic®® and optical®™'  studies.
Thz crystal strusture of the spinel ZnCrCoO; has been-
atermined by us from X-ray diffracztion studies. We
hise also attemted to d=termine the electronic struc-
tura of this syinel from X-ray spectroscopic and reflecs
tance studues.

EXPERIMENTAL

The sosinel was predared by intimately mixing
together under acetone, the compounds ZnO, Cr,Oy
and C0,0, in the molar ratio 2 ;1 :1. The mixture
was dried in air to remove acetone, Jt was then mixed
with borax and was heated in a silica crucible in a
furnace for about 100 hours at 1050°C. The furnace
was then switched off and the sample was allowed
to cool. The comnound was washed with hot water.
The X-ray diffraction pattern of the powdered sample
was ootained on a D2ye-Scherrer camera of diameter
11-46 cm using filtered cobalt radiation.

A Mazhlett sealed r-ray tube with a copper target
was emdloYed as a source of radiation for z-ray
saeatroscopic work. The experimental technique has
bean d=scribed in detail elsewhere???, Reflectance
spestrum of the sample was taken on Carl-Zeiss Spectro-
meter YSU 2P with a 45/8 geomeiry in the range
280 mm to 880 mm. The reflectance of the substance
was measured at the room temperature against freshly
prepared NaF surface.

RESULTS AND DISCUSSION

A pumher of measurements of the observed few
iatense lines were made on the x-ray diffraction pattern.
The average of the observed ‘d’ values for the diffe-
rant relzsting atomic planes are given in Table I. In

this table are also given the calculated *d’ values
for comparison. These data show that the compound
has a spinel structure in the space group O} (or Fd
3 m) with lattice constant a =829 -1 01 A. in
Takle I are given the intensities of the various reflec-
tions which are calculated theoretically for the nwost

probable cation distritution Zn2 [Cr* Co*] 04 by
using the formula®s

1 + cos® 20
cos & sin?2 @

Tz oc | F 2P

where the notations have their usual meanings. It
was observed that the reflection from the 311 planes
was the most intense. To this line was assigned the
intensity 100. The inensities of the other reflections
were calculated considering the 311 as standard. Tt
was observed that the intensities calculated theoreti-
cally for the oxygen ion parameter 4 = 0-375 for the
above cation distribution were in close agreement
with the experimentally observed intensities as seen
in Table I. It is therefore inferred that in this spinel
the Zn?* ions occupy tetrahedral sites while Cr*+ and
Co* jons occupy octahedral sites.

TABLE |
Results of the x-ray diffraction study of ZnCrCoOs
Sl din A Yntensity
No, Ots. Calec. Ots- Cale. Akl
1. 2:92  2:93 70 708 220
2. 2:50 2+50 100 100 311
3, 2:07 207 6C 59-5 400
4. 1-58 1-59 30 27+8 511
3. 128 1-26 10 12-8 533

el

Our measurements on the x-ray absorption spectrum
of the spinel gave the wavelength of the K absorption
edge of cotalt as 1601:8 X U. This value is in agree-
ment with those reported earlier for the trivalent
compyounds of cobalt®'®, It is concluded therefore
that in the syinel cobalt is in trivalent state. Since
Zn always exists in divalent state* in this spine€]
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according to the charge rule, the Cr ion must exist
in the trivaleat state.

The reflectance curve for the spinel ZnCrCo0y is
shown in Fig. 1. There are four absorption bands
A, B, C and D occurring at 6850 A (14600 cm™)
5800 A (17240 cm), 4700 A (21275 cm?) and 3500 4
(28570 cor?}  respectively. [t is recognised®  that
many features of the spectra of chemical entities in
the colution and also in the crystals are exhlicable
in terms of ligand field or molecular orhital (M.O.)
levels. These levels are somewhat perturted 1n
solids. As an anproximation for the solids'® it is
possible to retain the configuration of atoms and
molecules and obtain an intelligible picture which very
often agrees with experience. We have tried to explain
the reflectance spectra of ZnCrCoO, on the basis of
the ligand field theory.

For the s»in-free Co* octahedral ion in the solid
commound K CoFe® the absorption band is otserved
at 13000 e, which is ¢lose to the tand A in Fig. 1
occurring at 14000c¢m=t. The high value of the
wave number for the absorption peak A (14000 cm™)
as comnared to the tand at 13000 cm™ in K CoFs
may be attributed to the polarisation of the ligands",
the relative positions of the oxygen and fluorine in the
syectrachemical series and the inter-atomic separation
between the ligands and the central metal ion. The
band A could be attrituted to the transition 5Ty, 10
SE 8. The value 14600cm™, therefore, directly
gives the crystal field splitting A for the high spin
Co®+ jon in the spinel,

The absorption bands occurring at B (17240 cm™)
and C (21275cm™) in Fig. 1 may be due to the

~tahedrally surrounded Cr* ion in the spinel as the
bands B and C are close to the positions of the tands
2t 16200cm~l and 21600 cm™ observed for [the
o~tahedral Cr* fon in CryOp'® respectively. These
bands (B and C) appear to ozcur due to the transi-
tions 4A.—> 4T, and 4A; 4T, respectively's,
The a3j»roximate value of the crystal field splitting
ror the Cr** ion in the spinel will be 17000 cmt i k.,
the position of the first band'®. The difference between
+he values of the wave numters of the two ahsorption
bands B and C, and that oaserved in the case of
Cr,0, may te due to (1) the nature of the octahedral
sucrojndings'®, (2) the surroundings in the first and
higher coordination spheres and (3) probable cation-
cation interaction in the two systems.

In case of thin layers of ZnO, Weiss® has observed
the peak at 3:3V (27000 cm™) in the absorption
syectrum. The ahsorption peak I occurring at
28570 cm~ must then te due 10 Zn** ion. This
peak can be explained on the hasis of the M.O. theory,
The qualitative M.O. diagrams for a tetrahedral
chromium CrO*> ion have been employed by Yisto
and Gray?® and Fischer® for ¢xplaining the features of
the optical spectrum of CrO ¥ ion. Tt is possible to
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e?{tcnd the use of these M.O. pictures to the posi~transi-
tion metal tetrahedral ion like SbO*. where panta-
valent Sb™ possesses 4d™ electron conficuration®
The electron confipuration for Zn?+ ions is also 3(!1:’r
The M.O. picture given by Visie and Gray?® and
Fischer'® can thuste used for intersreting the band
D. The qualitatihne M.O. diagram for Zn?* tetra-
hedral ions is shown in Fig. 2 {aand b). The band D
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at 23570 ¢m™! could be assinged to the transition
of electrons from 4+, to the next empty 5y, level
[Fig. 2(a)] or from 4¢, to 3q, level [Fig. 2 (b)].

(t is worthwhile to mention® that in the case of
post-irassition matals (Cut, Ag?t) the absorption
havds are attributed to transitions between the two
states 4'% and d%. In this context the assignment
4, t0 3a, seems to be more anpropriate.
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ROLE OF PROTEIN BACKBONE IN SPECIFIC RECOGNITION OF NUCLEIC ACID
BASE SEQUENCES: A HYPOTHESIS

RAMAKRISHNA VY, HOSUR
Chemical Piysics Growp, Tata Institute of Fundamental Research, Homi Bhabha Road, Bombay 400005, India

ABSTRACT
A novel H-hoading schems of interaction between protein backbone and nucleic acid base
pairs has been proposed. The importance of such an interaction in specific recognition of base
sejuences in double hzalical nucieic azids has been discussed. It is concluded that protein backbone
can play very important role in spe:ific recognition of base sequences.

1. INTRODUCTION

‘THE sPe:ific recognition of nucleic acid base

sequences by proteins is a fundamental process at
several steps of genetic expression. Several attempts
have been made''2 to understand this key pheno-
menon. It has been suggested that proteins can inter-
act with nucleic azids in four different ways', viz.,
via electrostatic interaction, stacking, hydrogen bonding
and hydrophobic interaction. Among these, hydrogen

bonding interaction between amino acid residues and
nucleic acid bases is, by far, the most efficient process
inn the spe:ific recognition of nucleic acid bases, because
of the directional nature of the H-bond. Severai H-
bonding schemes have been suggested and these are
centered on specific interactions belween amino acid
side chains and bases in DNA. It has been suggested
that at least two H-bonds are needed for specific
recognition of a base pair®. In this communicatiol
We propose a new scheme of H-bonding interaction




