
Current Science Association
 

 
NITROGEN CHEMISORPTION SUPPRESSION IN THE STRONG METAL SUPPORT
INTERACTION STATE OF Co/TiO 2 CATALYST
Author(s): B. VISWANATHAN and  R. GOPALAKRISHNAN
Source: Current Science, Vol. 55, No. 1 (January 5, 1986), pp. 32-34
Published by: Current Science Association
Stable URL: https://www.jstor.org/stable/24088699
Accessed: 22-10-2024 08:40 UTC

 
JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide

range of content in a trusted digital archive. We use information technology and tools to increase productivity and

facilitate new forms of scholarship. For more information about JSTOR, please contact support@jstor.org.

 

Your use of the JSTOR archive indicates your acceptance of the Terms & Conditions of Use, available at

https://about.jstor.org/terms

Current Science Association is collaborating with JSTOR to digitize, preserve and extend
access to Current Science

This content downloaded from 103.158.43.25 on Tue, 22 Oct 2024 08:40:00 UTC
All use subject to https://about.jstor.org/terms



 32 Current Science, January 5, 1986, Vol. 55, No. 1

 Table 2 Experimental data and calculated values of Q for F.C.C. metals

 K (GPa) G (GPa)  QxlO30 , (m3),  Q observed,  Q calculated,
 Metal  (1,2)  (1,2)  (3)  (Kcal/mol) (3)  (Kcal/mol)

 Al  78.89  25.00  16.5  34.50  35.51
 Ca  18.26  7.38  43.4  38.50  27.39
 Ni  190.00  76.00  10.9  67.86  70.97
 Cu  133.50  46.40  11.8  50.40  46.84

 Pd  184.39  45.00  14.7  63.30  56.89

 Ag  99.69  30.30  17.0  45.20  44.26
 Pb  40.40  5.59  30.3  25.65  14.74
 Ce  19.80  12.00  34.3  36.60  35.09

 Pt  275.70  52.82  15.1  66.47  68.80

 Au  171.00  26.00  16.9  41.70  38.24
 Th  54.00  30.80  32.9  71.60  86.24

 W and Ta but relatively poor for metals like Li and Rb.

 The average difference between the calculated values
 and experimentally observed values is 19%. Table 2
 presents the data and the calculated values of the
 activation energy for F.C.C. metals. The fit seems to be
 very good for all elements excepting Pb and Ca. The
 mean deviation between the calculated and experimen

 tally observed values is 12%.
 A look at the empirical equation makes it clear that

 A and B should be identified as dilational strain and
 shear strain terms. It is then interesting to note that
 during diffusion dilational strains are introduced lo
 cally in B.C.C. structure, while in F.C.C. structure,
 primarily shear strains are introduced. Apparently, the
 B.C.C. structure being open allows the migration of
 atoms by momentary local expansion and contraction
 of the adjacent regions. The shear strain is relatively
 insignificant. F.C.C. structure being closely packed
 does not permit contraction of adjacent regions. The
 atomic diffusion, then, involves local shear.

 The authors wish to acknowledge the useful discus
 sions they had with Mr. N. Ramakrishnan.

 16 September 1985

 1. Smithells, C. J., Metals Reference Book,
 Butterworths, London, 1976, p. 867.

 2. Metals Hand Book Vol 2 ASM, Ohio, 1970, p. 780.
 3. Barret, C. S., Structure of Metals, McGraw Hill,

 NY, 1952, p. 646.

 NITROGEN CHEMISORPTION
 SUPPRESSION IN THE STRONG METAL
 SUPPORT INTERACTION STATE OF

 Co/Ti02 CATALYST

 B. VISWANATHAN and R. GOPALAKRISHNAN

 Department of Chemistry, Indian Institute of Technology,
 Madras 600 036, India.

 The suppression of chemisorption capacity for CO
 and hydrogen and the increase in CO hydrogénation
 activity induced in group VIII metals supported on
 oxides like Ti02\ MgO2, Nb20 53, Si02 and A12034,
 as a result of high temperature ( > 773 K) reduction
 (htr) in hydrogen has been considered to be due to
 strong metal-support interaction (SMSI)5. Earlier
 studies were confined only to the probe molecules of
 hydrogen and CO6,7. This has greatly limited the scope
 of identifying the cause of smsi behaviour. In this
 communication, the possibility of using nitrogen as
 probe species for the smsi behaviour of Co/Ti02
 system is considered. Reports are available on the
 characterization of smsi state of Ni, Ru, Rh, Pd and Pt

 supported on oxides like Ti029. Similar studies on Fe
 and Ir are limited10 and practically no report is
 available on supported cobalt systems.

 Fifteen per cent cobalt on titanium dioxide was
 prepared by adding the required amount of aqueous
 solution of cobalt nitrate to freshly prepared Ti02 (by
 the hydrolysis of TiCLJ powder and dried at 110°C
 (incipient wetness method) with constant stirring.
 About 1 g of this sample was reduced at 673 K (LTR) or
 at 803 K (htr) in a flow of hydrogen for 3hr.
 Adsorption was measured with an accuracy of
 ± 0.01 ml in a conventional volumetric unit at room
 temperature at a pressure of 200 torr for 12 hr. CO was
 hydrogenated at 583 K using a mixture of CO:H2
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 = 1:4 at 200 torr pressure. After exposure to CO,
 either in adsorption or in reaction measurements or
 after exposure to nitrogen, the surface was regenerated
 by soaking the sample in hydrogen at 760 torr at 623 K
 for 15 hr followed by evacuation at 673 K for 4 hr. In
 the case of hydrogen chemisorption experiments, the
 surface was regenerated by evacuating at 673 K for
 4hr.

 The chemisorption data collected on the model
 system are given in table 1. It is seen that the
 chemisorption of all the three probe molecules is
 suppressed as a result of high temperature reduction.
 The extent of chemisorption of hydrogen and nitrogen
 was quite small due to the activated nature of adsorp
 tion but are highly reproducible. To ascertain that the
 catalyst attained the Smsi state as a result of HTR,
 typical results were obtained for the CO hydrogé
 nation on this model system and are given in figure 1. It
 is seen that the system after htr shows increased CO
 hydrogénation activity though the attainment of
 steady state activity seems to involve more of less the
 same time whether the system is in smsi state or not,
 and the catalyst in the smsi state shows approximately
 the same steady state rate compared to the catalyst
 obtained after LTR. This observation rules out the

 possibility of sintering as the cause for the suppression
 in chemisorption capacity. Tanaka et al11 propose that
 chemisorption of CO could be dissociative on the SMSI
 system and hence could account for the suppression of
 chemisorption capacity. Takatani and Chung12 pro
 pose a tilted configuration for the chemisorbed CO
 (with a loss peak at 1850cm"1) with simultaneous
 adsorption of carbon and oxygen of CO on the metal
 sites as well as on the support sites. The suppression in
 the chemisorption of nitrogen could be either due to
 the dissociation of the molecule or due to the precursor
 state wherein both the atoms are attached to the

 surface. This form of activation of nitrogen may favour

 facile subsequent hydrogénation to form ammonia.
 However, ammonia formation at 303 K and at a
 pressure of 1 atm of hydrogen was not observed. It is
 probable that hydrogénation of nitrogen could be

 Table 1 Comparison on smsi and non-SMSi states of Co/Ti02
 catalyst.

 Reduction Gas adsorbed at room temperature
 temperature (K) (mol/g)

 Hydrogen CO Nitrogen
 (x 10"6) (xl(T5) (xl(T6)

 673 1.34 1.74 3.12
 803 0.0 1.12 0.45

 A Reduction at 673 K

 o Reduction at 803 K

 10 20

 Time (min)

 Figure 1. CO hydrogénation rate as a function of time
 on 15/Co/Ti02 catalyst after ltr and after htr.

 achieved at considerably reduced pressure and tem
 perature on the SMSi state of the catalysts.

 Financial support from csir, New Delhi is grate
 fully acknowledged.

 29 June 1985; Revised 26 August 1985

 1. Simoens, A. J., Baker, R. T. K., Dwyer, D. J.,
 Lund, C. R. F. and Madon, R. J., J. Catal., 1984,
 86, 359.

 2. Wang, J., Lercher, J. A. and Haller, G. L., J.
 Catal., 1984, 88, 18.

 3. Ko, E. I., Hupp, J. M. and Wagner, N. J., J. Catal.,
 1984, 86, 313.

 4. Tang, R. Y., Wu, R. A. and Lin, L. W„ Appl.
 Catal., 1984, 10, 163.

 5. Tauster, S. J., Fung, S. C., Baker, R. T. K. and
 Horsley, J. A., Science, 1981, 211, 1121.

 6. Vannice, M. A. and Chou, P., J. Chem. Soc., Chem.
 Commun., 1984, 1590.

 7. Fang, S. M. and White, J. M.,J. Catal., 1983,83,1.
 8. Imelik, B., Naccache, C., Coudurier, G., Praliaud,

 H., Meriaudeau, P., Gallezot, P., Maring, G. A.

This content downloaded from 103.158.43.25 on Tue, 22 Oct 2024 08:40:00 UTC
All use subject to https://about.jstor.org/terms



 34 Current Science, January 5, 1986, Vol. 55, No. 1

 and Vedrine, J. C., Eds, Metal-support and metal
 additive effects in catalysis, Elsevier, Amsterdam,
 1982.

 9a. Chung, Y. W., Xiong, G. and Kao, C. C., J. Catal.,
 1984, 85, 237.

 9b. Okada, O., Ipponmatsu, M., Kawai, M. and
 Onishi, T., Chem. Lett., 1984, 1041.

 9c. Sadeghi, H. R. and Henrich, V. E., Appl. Surface
 Sei., 1984, 19, 330.

 9d. Hicks, R. F., Yen, Q. J. and Bell, A. T., J. Catal.,
 1984, 88, 498.

 9e. Belton, D. N., Sun, Y. M. and White, J. M., J.
 Phys. Chem., 1984, 88, 1690.

 10a. Tatarchuk, B. J. and Dumesic, J. A., J. Catal.,
 1981, 70, 335.

 10b. Foger, K„ J. Catal., 1982, 78, 406.
 11. Tanaka, K., Viswanathan, B. and Toyoshima, I., J.

 Chem. Soc. Chem. Comm., 1985, 481.
 12. Takatani, S. and Chung, Y. W., J. Catal., 1984,90,

 75.

 LIGNOCAINE HYDROCHLORIDE AS A
 HIGHLY SELECTIVE EXTRACT ANT FOR
 SPECTRO-PHOTOMETRIC

 DETERMINATION OF MOLYBDENUM
 WITH THIOCYANATE

 P. G. RAMAPPA and K. S. RAMACHANDRA

 Department of Chemistry, University of Mysore,
 Mysore 570006, India.

 A NUMBER of reagents reported for extraction photo
 metric determination of molybdenum have been re
 viewed1 ~ 3. During our investigation it was found that
 the sensitivity and stability of the molybdenum
 thiocyanate complex could be enhanced by adding
 lignocaine hydrochloride (LH) to form a new ion
 association complex which could be extracted into an
 organic solvent. The proposed method offers the
 advantages of rapidity, reproducibility, stability and
 high sensitivity without the need for heating and
 dependence of colour intensity upon a number of
 factors such as volume of aqueous phase, coefficient of
 expansion of isopentyl alcohol, concentration of iron
 and tin (II) chloride.

 A stock solution of molybdenum (VI) was prepared
 from AR grade ammonium molybdate tetrahydrate in
 doubly-distilled water containing a few drops of
 ammonia, and standardised gravimetrically using 8
 hydroxy quinoline4. The stock solution was further

 diluted to give a standard solution containing 20 pg
 Mo (VI)/ml.

 A 10% aqueous solution of potassium thiocyanate
 (ar) was prepared. A 5 % aqueous solution of ascorbic
 acid was prepared.

 A 2 % aqueous solution of LH (astra-idl) in water
 was used. Beckman model DB spectrophotometer with
 1 cm matched silica cells was used for absorbance
 measurements.

 Recommended procedure: An aliquot of the stock
 solution containing 1 -30 pg of molybdenum(VI),
 10 M hydrochloric acid (3 ml), 5% ascorbic acid
 (2 ml) and 10% potassium thiocyanate (5 ml) sol
 utions were taken in a 150 ml separatory funnel and
 diluted to 15 ml with doubly-distilled water. The
 contents in the separatory funnel were mixed and left
 at room temperature for 15 min. To this was added lh
 solution (2 %, 3 ml) followed by 5 ml of chloroform
 and the mixture equilibrated for 3 min. The deep
 orange red chloroform layer was separated and the
 aqueous solution extracted twice with chloroform
 (2x5 ml). The chloroform extracts were combined
 and made upto 10 ml with chloroform, dried (anhyd.
 Na2S04) and its absorbance measured at 465 nm
 against a corresponding reagent blank prepared under
 similar conditions.

 Molybdenum (V) formed by the reduction of molyb
 denum (VI) with ascrobic acid combines with
 potassium thiocyanate to form a red molybdenum (V)
 thiocyanate complex in 0.9-3 M hydrochloric acid
 solution. On adding lh solution an orange-red ion
 association complex is formed at the same range of
 hydrochloric acid concentration. The mixed complex
 can be extracted into chloroform while binary molyb
 denum (V)-thiocyanate complex is not extracted.

 Molybdenum (V)-thiocyanate complex in 1.5 M
 hydrochloric acid concentration has an absorption
 maximum at 465 nm showing a bathochromic shift of
 20 nm. The reagent blank in chloroform does not
 show any absorption either at 445 nm or at 465 nm.
 All subsequent measurements were made at 465 nm.

 Effect of experimental variables: Various water
 immiscible organic solvents such as benzene,
 toluene, carbon tetrachloride and chloroform were
 examined for extracting the ion-association complex.
 The e values for molybdenum complex in various
 solvents are, chloroform; 2.12 x 104; carbon tetra
 chloride 4.40 xlO2; toluene, 1 x 103; benzene,
 1 x 103 dm3 mol-1 cirT Hence chloroform was sele
 cted for further studies. A double extraction was

This content downloaded from 103.158.43.25 on Tue, 22 Oct 2024 08:40:00 UTC
All use subject to https://about.jstor.org/terms


	Contents
	p. 32
	p. 33
	p. 34

	Issue Table of Contents
	Current Science, Vol. 55, No. 1 (January 5, 1986) pp. 1-58
	Front Matter
	THE INFLUENCE OF THYMINE NUCLEOTIDE DEPLETION ON GENETIC STABILITY AND CHANGE IN EUKARYOTIC CELLS [pp. 1-11]
	THE INSTITUTE OF METALS LAUNCHES MATERIALS '87 [pp. 11-11]
	þÿ�þ�ÿ���N���E���W��� ���H���A���R���D���W���A���R���E��� ���C���I���R���C���U���I���T���S��� ���F���O���R��� ���T���H���E��� ���I���M���P���L���E���M���E���N���T���A���T���I���O���N��� ���O���F��� ���L���O���G���I���C���A���L��� ���R���E���L���A���T���I���O���N���S��� ���I���N��� ���I���N���F���O���R���M���A���T���I���O���N��� ���P���R���O���C���E���S���S���I���N���G�������P���A���R���T��� ���I��� ���A���N���D��� ���I���I��� ���P���A���R���T��� ���I��� ���[���p���p���.��� ���1���2���-���1���8���]
	KARNATAK ASSOCIATION FOR THE CULTIVATION OF SCIENCE [SCIENCE AWARDS for 1985] [pp. 18-18]
	þÿ�þ�ÿ���N���O���R���M���A���N��� ���B���O���R���L���A���U���G��� ���A���W���A���R���D�������1���9���8���5��� ���[���p���p���.��� ���1���8���-���1���8���]
	MAGNETO-VISCOELASTIC INTERACTION ON ONE-DIMENSIONAL WAVE PROPAGATION [pp. 19-21]
	PLANT GROWTH-PROMOTING RHIZOBACTERIA IN ENHANCING PLANT GROWTH AND SUPPRESSING PLANT PATHOGENS [pp. 22-25]
	MAHENDRALAL SIRCAR AWARD IN PHYSICS FOR 1984 [pp. 25-25]
	JAWAHARLAL NEHRU SCIENCE AWARD FOR 1983 [pp. 25-25]
	þÿ�þ�ÿ���R���A���M���E���S���H���W���A���R���D���A���S��� ���B���I���R���L���A��� ���S���M���A���R���A���K��� ���K���O���S���H��� ���A���W���A���R���D��� ���F���O���R��� ���1���9���8���5�������8���6��� ���[���p���p���.��� ���2���5���-���2���5���]
	þÿ�þ�ÿ���C���U���R���R���E���N���T��� ���S���C���I���E���N���C���E�������5���0��� ���Y���E���A���R���S��� ���A���G���O��� ���[���p���p���.��� ���2���6���-���2���6���]
	SCIENCE NEWS [pp. 27-28]
	NEWS: TESTS OF ARTIFICIAL GLASS BLOWER [pp. 28-28]
	SHORT COMMUNICATIONS
	POTENTIAL ENERGY CURVES OF D STATES OF SiF AND SiCl [pp. 29-29]
	TEMPERATURE DEPENDENCE OF THE VISCOSITY OF ORGANIC BINARY LIQUID MIXTURES [pp. 30-31]
	ON THE NATURE OF LOCAL STRAINS DURING SELF-DIFFUSION IN CUBIC METALS [pp. 31-32]
	NITROGEN CHEMISORPTION SUPPRESSION IN THE STRONG METAL SUPPORT INTERACTION STATE OF Co/TiO2 CATALYST [pp. 32-34]
	LIGNOCAINE HYDROCHLORIDE AS A HIGHLY SELECTIVE EXTRACTANT FOR SPECTRO-PHOTOMETRIC DETERMINATION OF MOLYBDENUM WITH THIOCYANATE [pp. 34-35]
	ALLANITE-BEARING MIGMATITES OF THE ARCHAEAN SCHIST BELT OF KHAMMAM, ANDHRA PRADESH [pp. 35-36]
	HEAVY METAL CONTENTS IN THE SEDIMENTS OF NARAVA GEDDA STREAM, VISAKHAPATNAM, ANDHRA PRADESH, INDIA [pp. 37-38]
	SPONTANEOUS SECONDARY SHOOT DEVELOPMENT FROM THE ROOT CELLS OF BRASSICA (RAPESEED-MUSTARD) [pp. 38-39]
	PHYTOALEXIN ACCUMULATION IN DIETHYL ETHER TREATED COTYLEDONS OF CAJANUS CAJAN [pp. 39-40]
	STUDIES ON NUCLEOLUS AND NUCLEOLAR CHROMOSOMES IN ANGIOSPERMS. XIII. FURTHER OBSERVATIONS ON PLANT CHROMOSOMES WITH TERTIARY CONSTRICTIONS [pp. 41-41]
	A HOLOTRICHOUS CILIATE FROM THE COELOM OF CHAETOGNATHS [pp. 42-42]
	þÿ�þ�ÿ���I���C���H���T���H���Y���O���P���H���T���H���I���R���I���A���S���I���S��� ���I���N��� ���A���Q���U���A���R���I���U���M��� ���F���I���S���H���E���S�������A��� ���N���O���T���E��� ���O���N��� ���T���H���E��� ���P���A���T���H���O���G���E���N���I���C���I���T���Y��� ���A���N���D��� ���L���I���F���E��� ���C���Y���C���L���E��� ���O���F��� ���T���H���E��� ���P���A���R���A���S���I���T���E��� ���[���p���p���.��� ���4���2���-���4���3���]
	EFFECTS OF A FUNGICIDE METALAXYL ON THE ROOT MERISTEM OF ZEA MAYS L [pp. 43-45]
	CHROMOSOMAL STABILITY IN INDUCED TETRAPLOIDS OF ATYLOSIA SCARABAEOIDES BENTH [pp. 45-47]
	þÿ�þ�ÿ���P���Y���T���H���I���U���M��� ���I���N���F���L���A���T���U���M��� ���M���A���T���T���H���E���W���S���,��� �������A��� ���N���E���W��� ���R���E���C���O���R���D��� ���F���O���R��� ���I���N���D���I���A��� ���[���p���p���.��� ���4���7���-���4���8���]
	TWO SPECIES OF ACHLYA AS FISH PARASITES [pp. 48-49]
	NEURONAL DISTRIBUTION IN THE GANGLIA OF THE CERVICO-THORACIC SEGMENT OF THE VENTRAL NERVE CORD OF THE LARVA OF WAXMOTH, GALLERIA MELLONELLA AS REVEALED BY COBALT-FILLING TECHNIQUE [pp. 49-51]
	ON THE HYPERGLYCEMIC HORMONE OF THE FRESHWATER CRAB, BARYTELPHUSA GUERINI MILNE EDWARDS [pp. 51-53]
	A TECHNIQUE FOR IDENTIFICATION OF THE INSTAR OF MANSONIA LARVAE [pp. 53-55]

	BOOK REVIEWS
	Review: untitled [pp. 56-56]
	Review: untitled [pp. 56-57]

	ALL INDIA SYMPOSIUM ON MODERN TRENDS IN COMPARATIVE ANIMAL PHYSIOLOGY [pp. 57-57]
	NATIONAL CONFERENCE ON SCIENTIFIC INFORMATION FOR DEFENCE [pp. 57-57]
	Back Matter



