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Chemisorption and Magnetization Measurements 

Van Mwrtcn et al. (1) hnvc rwcntly 
given magnetization results for hydrogen 
arid for several hydrocarbons adxorbcd on 

nickcllsilica. The mct,hod was the doublc- 
primary low ficld pcrmcamctcr. In their 
scw~nd paragraph it is implied that thcro 
is some disagrecnwnt brt~wwn t,hc results 
of Mart,in et al. (9) and our own. The 
purljosc of this lct,tcr is to show that, Van 
Mwrtcn et al. havo confused the symbols cy 
and e used by Martin and by oursclvw, 
rospcctivcly, and t,hat they have misclucjtc~d 
Martin’s cyuation. 

Our definition (3) of et the change in 
magnetic moment of t,hc: adsorbent caused 
by the chcmisorljt~ion of hydrogen, is as 
follows : 

t(H) = (Alllu/~JI,,) ./3(Ni). rh(Ni)//h(H), 

where fif, is the saturat,ion magnc~t,izat,ion 
cxtrapolatcd to absolute zero, /3(X) the 
I3ohr magncton number of nickel, II (Ni) 
thr moles of nickel mct~al in t,hc sanqjlc, 
and 7~ (H) the molts of hydrogen atoms 
chomisorbcd. The definition of (Y used by 
Martin et al. (2) is the same exccptJ for t,hc 
last twm. They use R (Hz), the molw of 
hydrogen ~~~oloculcs. Consquwt~ly (Y = 2~. 
Rcpor%cd valuc~s for c = a/2 arc -0.71 (3), 
-0.72 (4), and -0.73 (5). It, is true that 
saturation niagIict,izat,ions chungc with 
tcmpcraturc. Mart,in et al. (9) rcfcr to t,liis 
in t,hcir relation (Y = cu,,,,,illo/d1, whore Als 
is the sat,uration magnrtization at, any 
tcmpcrat,urc. This is the relation misquoted 
by Van Mw%cn et al. It is mc~aninglcss to 
say that E varies with the: tcmpraturc~ at, 
which the magnot,ization is mcasurcd. 

The matter rcfcrrcd to abovc dots not’ 

invalidate all of the conclusions rcachcd by 
Van Mwrt~cn et al. (I) concerning t,hc 
bonding and surfucc rcact,ions of hydrogen, 
bwzcnc, cyclohcxcnc and cyclohcxanc. The 
chief conclusions given in their abstract 
arc, \vith minor cxcqjt,ions, t,hc same as 
those prwiously rcachcd for tho same 
systems by wwnt,ially the same cxpcri- 
mcntnl method. OIIP conclusion is that 
chcmisorljt,ion of the hydrocarbons st,op 
at partial covcragc. It, \v:ts previously 
shown (0) that, a nickel surface with 
chcmisorbcd cyclohcxcnc to maximum ca- 
pacity is st,ill capnblc of chcnlisorbing a 
substnnt ial quantity of hydrogen under 
conditions precluding hydrogcnat,ion. This 
could not, have occurred if the cyclol~cxc~w 
had complctcly covcwd the nickel. Similar 
rwults have been obt,aincd for bonzcnc (7). 
Anot,hcr conclusion (I) is that, t,hc approxi- 
mat,c number of bonds bctwcn hydro- 
carbon and nickel can bc found by the 
mc:t,hod dcscribcd. This is indeed true and 
it has bwn apljlicd t,o many adsorbat,cs. 
Martin and his associates (2, 5) have cx- 
t)cndcd the scolw and rcliabilit~y of such 
liif~:tsur(L111(Lrlt,s by using saturut,ion mag- 
nctizat~ions. The rwults arc all in rcusonably 
satisfactory agrccmcnt with those rcportcd 
carlicr provided that, at,tcntion is paid to t,hc: 
possibility of lncfcrc:nt8ial adsorpt,ion 011 

certain mc%l particlc sizes (2) and to the 
maximum t8cmpt:rat,urc rcachcd by the ad- 
sorbed ~~~olwulc. Mnrt,in and Imc~lik (8) 
have s1~ow1~ that the bond number of 
chcniisorbc~d bcnzcne on nickel risw almost 
vertically nith maximum holding tcmpcra- 
turn in the room t~cmljorat~urc~ region. This 
means that, a change of a dcgrce or two can 
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alter the bond number by increasing dis- 
sociation of the molecule. The heat of ad- 
sorption is itself sufficient to ra.iso the t,cm- 
pcraturc of the nickel particles by several 
degrees (9) and bhus, in this case, to in- 
crease the bond number. A final point in 
this connection is that the bond number 
j- as used by the writer for any molecule X 
on nickel is { = t(X)/e(H) = ,(X)/0.72. 
Martin (8) defines the bond number as 
(Y(X)//?(K) = a(X)/0.606. Martin’s bond 
numbers are, therefore, about 16y0 larger 
which is measurable but not too significant. 
It is also concluded by Van Mcertcn et al. 

(1) that a weakly bound form of disso- 
ciatively adsorbed hydrogen is active in 
hydrogenation. This is identical with an 
earlier conclusion reached by a similar 
method to the effect that for hydrogrnation 
to take place it is necessary for the nickel- 
hydrogen bond to be sufficient.ly athcnuatcd 
by ample chemisorbed hydrogen (10). 

This letter will be concluded wit,h a brief 
comment on the usefulness of the low field 
magnet’ization m&hod. There is no qucs- 
tion that this method can yield much in- 
formation. It is simple and inexpensive. 
It may be used at tcmperaturcs and pres- 
sures at which many catalytic reactions 
take place. It is, however, essential that 
the adsorbent be superparamagnetic at t,he 
temperature and frequency of mcasura- 
ment. There is also the problem, referred 

to above, that the results may be affected 
by preferential adsorption 011 certain par- 

ticle sizes. The field gradient coil magnetom- 

ctcr described 1)~. I,c~\vis (11) and thcl supw- 
conductive magnrt,s uwd 1)~ filartin (22) 
and by Richardson and Dwui (1~) permit 
determination of saturation magnetizations 
lvith more convenience than was formerly 
possible. 
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