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Ferromagnetic Resonance Investigation of Nitrogen
Adsorption on Nickel

On the basis of adsorption isotherm
measurements several investigators have
shown the possibility of nitrogen chemi-
sorption on nickel at low temperatures (I,
2, 3). Others have concluded that nitrogen
chemisorption does not occur on nickel film
at room temperature (4-7). Electrical
conduectivity (8, 9) and surface potential
(3, 10) measurements show that changes
observed do not exceed the effect produced
by physical adsorption. One of the authors
of this article noted only slight influence
of nitrogen adsorption on the magnetization
of nickel (11, 12).

Eischens and Jacknow (13) ascribe the
infrared band at 2202 ¢cm™, when nitrogen
is adsorbed on nickel, to chemisorbed
molecular nitrogen. In recent work van
Hardeveld and van Montfoort (74) showed
that this band is due to the nitrogen
Raman band at 2331 em™ which shifts
under the influence of the Stark effect and
which can be observed because of the
strong polarizing field of special sites
present in nickel particles with a diameter
of between 15 and 70 A.

"In the present work we investigated
nitrogen adsorption on nickel by EPR.
Use of this technique permits measurement
of possible changes in the magnetization
of the very small particles of nickel which
are active in nitrogen adsorption (14). The
EPR method is of far greater sensitivity
than the low-frequency permeameter (11,

12). The EPR spectra were recorded with

a Varian V-4502 x-band spectrometer with
100-ke/sec field modulation and wvariable
temperature accessory. A suitable high-
vacuum device and “quick-disconnect
coupling” of the waveguide permitted re-
duction of the samples in situ and a final
vacuum of the order of 10-® mm Hg. Use of
West-Glass greaseless high-vacuum stop-
cocks and a trap cooled with liquid nitro-
gen eliminated any influence of mercury

and grease vapors. Nine percent nickel
catalyst was prepared by homogeneous
hydrolysis of Ni{NO;), on Davison silica
gel according to the method described in
ref. (15). The catalysts were reduced for
20 hr at 400°C and evacuated for 4 hr at
360°C. Palladium-diffused hydrogen, and
research grade nitrogen (Air Reduction
Sales Co.) containing only 3 ppm argon
were used. The partial pressure of oxygen
impurity in these gases was such as to have
a negligible effect on the magnetization,
even if completely sorbed by the nickel.

Figures 1 and 2 show the line shapes

Fic. 1. EPR signal from Ni-Si0. catalyst at
25°C; , evacuated; __ _ __, treated
with hydrogen (hydrogen pressure 450 mm Hg).
The peak-to-peak line width is 550 % 20 gauss; ¢

value is 2.22.

of FMR signals before and after adsorption
of hydrogen and nitrogen. In a typical case
of hydrogen adsorption, the magnetization
decreased 27%. Nitrogen adsorption causes
no more than 1.5% decrease of magneti-
zation .up to 350 mm nitrogen pressure.
Nitrogen adsorption at —80°C.shows. the
same order of change. Adsorption of nitro-
gen on the nickel sample with higher
nickel content and larger particle size does
not show any detectable change of
magnetization.

The results of ferromagnetic resonance
investigation of nitrogen adsorption on
nickel do not give evidence for extensive
electronic interaction between the nitrogen
and the nickel surface such as would be



NOTES 99

Fic. 2. EPR signal from Ni-SiO: catalyst at
25°C; , evacuated; _ _ _ _, treated
with nitrogen (nitrogen pressure 350 mm Hg).
The peak-to-peak line width is 530 %= 20 gauss;
g value is 2.22.

expected for true chemisorption. These
results are in agreement with conclusions
made on the basis of low-field measure-
ments (11). They confirm van Hardeveld
and van Montfoort’s (74) findings con-
cerning the relation between catalyst
structure and its ability for nitrogen ad-
sorption, and they show that physical ad-
sorption of nitrogen on nickel (11, 14)
under these conditions is the more prob-
able.

ACKNOWLEDGMENT

This work was in part performed under grant
from the Army Research Office (Durham).

REFERENCES

1. Scaurr, G. C. A, a~xp peE Boer, N. H,, J.
Chim. Phys. 51, 482 (1954).

2. Kokes, R. J., ano Emmerr, P. H, J. Am.
Chem. Soc. 82, 1037 (1960).

3. Gunory, P. M., Haser, J., ANp TompPkINS, F.
C., J. Catalysis 1, 363 (1962).

4. Beeck, O., SmirH, A. E., AND WHEELER, A,
Proc. Roy. Soc. (London) Al77, 62 (1941).

§. TraPNELL, B. M. W, Proc. Roy. Soc. (London)
A218, 566 (1953).

6. WAGENER, S., J. Phys. Chem. 61, 267 (1957).

7. Hickmorr, T. W., anp EnruicH, G., J. Phys.
Chem. Solids 5, 47 (1958).

8. SunrmaN, R., anNp Scuvrz, K., Z. Naturforsch
109, 517 (1957).

9. SunrmaN, R., Dirk, E. A, ENcELkE, B,
Hermann, H, anp Scrunz, K., J. Chim.
Phys. 54, 15 (1957).

10. MigxNoier, J. C. D., Discussions Faraday Soc.
8, 105, 326 (1950).

11. SeLwoop, P. W, J. Am. Chem. Soc. 80, 4198
(1958).

12. Vasga, L., ANDp Senwoop, P. W, J. Am. Chem.
Soc. 80, 1331 (1958).

13. FiscHeEns, R. P, anp Jackwow, J., Proc. In-
tern. Congr. Catalysis, 3rd, Amsterdam,
1964, p. 627 (North-Holland Publ. Co.,
Amsterdam, 1965).

14. vaNn Harpeverp, R, AND vaN MoNTFOORT, A,
Surface Sci. 4, 396 (1966).

15. van Ewrx vaN VoorTHUIISEN, J. J. B, anp
Franzen, P., Rec. Trav. Chem. 70, 793
(1951).

A. A. ANDREEV*
P. W. SeLwoop

Department of Chemastry

University of California

Santa Barbara, California
Received March 1, 1967

* Present address: Institute of Organic Chem-
istry, Bulgarian Academy of Science, Sofia, Bul-
garia.



