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Hydrodenitrogenation (HDN) of pyridine has been performed on Mo and Ni-Mo-based catalysts 
first sulfided and then treated under H2 at various temperatures T R in order to progressively create 
anionic vacancies at the active phase. No H2S has been admitted in the feed during the test performed 
at 3 MPa. The changes in the products and the effect of the H2 partial pressure have been interpreted 
by a dual mechanism of HDN. The classical consecutive scheme to pentane as product with 
detection in the gas phase of piperidine as an intermediate product has been found dominent at low 
TR. At higher TR, with a more sulfur-deficient catalyst, another route without any detection of the 
intermediate piperidine has been observed. © 1991 Academic Press, Inc. 

INTRODUCTION 

Hydrodesulfurization (HDS) and hydro- 
denitrogenation (HDN), the necessary cata- 
lytic operations for cleaning petroleum frac- 
tions, are generally conducted on supported 
MoS2-based catalysts associated with a pro- 
moter such as Co or Ni. These reactions are 
usually performed at temperatures higher 
than 350°C under high hydrogen pressure 
(typically -100  atm). A detailed investiga- 
tion of HDS and HDN reactions of natural 
cuts originating from crude oil does not per- 
mit precise elucidation of the mechanism of 
the reactions and the nature of the catalytic 
sites involved so that, in academic labora- 
tories, those reactions are performed with 
model molecules such as thiophene, benzo- 
or dibenzothiophene, pyridine, quinoline, 
or acridine. Mechanisms and kinetics of the 
HDS reaction with such sulfur-containing 
molecules are relatively well documented 
(1-3). Concerning HDN, review articIes 
(3-6) and early investigations by Satterfield 
and co-workers (7-8) or by McIlvried (9) 
permitted reaction networks to be estab- 
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lished after identification of intermediate 
products when model N-containing mole- 
cules are used. For example, the following 
scheme proposed for pyridine HDN, the re- 
action of interest in this work, has been de- 
scribed by McIlvried (9): 

Pyridine --> piperidine 

n-pentylamine--> pentane + NH3. 

The rate-determining step is generally as- 
sumed to be the piperidine transformation 
into n-pentylamine, but it may depend on 
the experimental conditions. Moreau et al. 
(10) showed that the HDN activity is related 
to the structure of model compounds from 
experiments performed over sulfided 
Ni-Mo- or Ni-W-supported catalysts in a 
batch reactor. They found that the satura- 
tion of the heteroaromatic ring always oc- 
curs prior to any C -N  bond cleavage; the 
rate of hydrogenation of that ring is mostly 
influenced by its aromaticity. On the other 
hand, the basicity of nitrogen has an appre- 
ciable effect on the C(sp3)-N bond hydro- 
genolysis. Laine (I1) and Ledoux et al. (12) 
also suggested mechanistic explanations. In 
studying quinoline HDN, Laine (11) pro- 
posed homogeneous catalyst systems that 
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can model the reaction occurring on hetero- 
geneous catalysts. The mechanistic ele- 
ments supported by the work of Ledoux et 
al. (12) are perhaps not relevant to 
the practical HDN conditions as the 
MoO3-A1203 catalyst they used was only 
reduced (the sulfidation step was omitted) 
and also because the experiments were car- 
ried out only at H 2 atmospheric pressure. 
Similar considerations on the chemical state 
of the catalyst can also be made regarding 
the study of pyridine hydrogenotysis over 
MoO3-based catalysts by Sonnemans et al. 
(13). Indeed, in practical tests, there is HzS 
present during the HDN reaction as the sul- 
fur-containing molecules, always present, 
are more easily transformed (desulfurized) 
than the N-containing molecules. There- 
fore, more relevant are the studies of the 
HDN reaction on MoS2-based catalysts with 
emphasis on the competition between HDS 
and HDN or on the effect of the presence of 
H2S during HDN tests with N-containing 
aromatic probe molecules (14, 15). How- 
ever, in that case, it is difficult to have a 
precise description of the working sites lo- 
cated at the MoS 2 active phase, as the simul- 
taneous presence of H 2 and H2S may influ- 
ence the S/Mo stoichiometry of MoS 2. The 
alternative approach we propose in this 
study is to follow HDN of pyridine on MoS 2- 
based catalysts treated, before the catalytic 
tests, with pure H E at a given temperature 
(TR) in order to create sulfur vacancies, the 
amount of which depends on T R. No H2S is 
used during the test so that the catalyst state 
depends only on TR and not on the HDN 
conditions. Indeed, such a procedure has 
been applied with success to study hydroge- 
nation and/or isomerization of dienes (iso- 
prene, c/s-, or trans-l-3 pentadiene), hydro- 
genation of toluene and HDN of pyridine 
(16-18). The aim of the present work is to 
present the changes in the mechanism of 
pyridine HDN when T R is increasing. 

EXPERIMENTAL 

Two catalysts were studied, namely a 14 
wt% MoO3/A1203 and a 3 wt% NiO-14 wt% 
MoO3/A1203 prepared according to the 

usual procedures. Pyridine (Fluka-Purissim 
> 99.8%) HDN was performed in a high- 
pressure catalytic flow microreactor. The 
catalysts were sulfided at 623 K and atmo- 
spheric pressure with 33 vol% of dimethyl 
disulfide in n-heptane. The catalyst was then 
treated with H 2 at different temperatures TR 
to progressively remove labile sulfur and 
create anionic vacancies prior to being 
tested. The HDN reaction was performed 
with a sulfur-free feed at 3 MPa and 573 K 
with a ratio H2/HC = 75 (and LHSV = 2). 
The products were analyzed by gas chroma- 
tography utilizing, respectively, a heated 
on-fine gas sample valve, flame ionization 
detector, column packings of Carbowax- 
glass (for the nitrogen compounds), and SE 
30 stainless steal (for hydrocarbons). Prod- 
ucts were identified by comparison with 
pure samples. On a correctly sulfided cata- 
lyst, only piperidine, n-pentylamine, and 
pentane are generally obtained. On oxide or 
badly sulfided catalysts, many other prod- 
ucts can be observed, such as cracked hy- 
drocarbons, C10 hydrocarbons, N-pentyl- 
piperidine, and other compounds (12, 13, 
I9). We have never observed more than 1% 
of N-pentylpiperidine. The fact that the sol- 
vent (n-heptane) does not give rise to hydro- 
genolysis by-products is a good test of a 
correctly sulfided state of the catalysts. 
Moreover, the use of n-heptane as an inter- 
nal sample permits one to check the mass 
balance of reactants and products. Activi- 
ties were calculated by considering the num- 
ber of molecules converted or produced by 
unit mass of catalyst and time. Classically 
the space time W/Fi was defined by the ratio 
between the mass of catalyst W (in g) over 
the nitrogen compound (i) feed rate Fi (in 
tool of i x h-  1). Selectivity into pentane (Sp 
in percentage) was given by the ratio of the 
amount of formed pentane over the amount 
of transformed pyridine. 

RESULTS 

Effects o f  the H 2 Pretreatment 

In Fig. 1 are reported the molar distribu- 
tions of the reactive compound (pyridine) 
and of the products (piperidine and pentane) 



206 KHERBECHE ET AL. 

MOLAR D I S T R I B U T I O N  
100 

50 

84 168 33~ 84 168 335 

W/F [11. g.mo1-1]  

FxG. 1. Molar distr ibution of  pyridine (11), piperidine 
(A), and pentane  (0 )  during pyridine H D N  after pre- 
t rea tment  under  HE at T R = 623 K.  (a) Mo/y-Al203,  (b) 
NiMo/y-Al203 . 

as a function of the space time W/Fpyridine for 
a given TR (623 K) on both the Mo and 
Ni-Mo catalysts. As the initial slope of the 
curve corresponding to piperidine formation 
is never equal to zero, it is inferred that this 
molecule is a primary product. This is in 
agreement with the reaction scheme pro- 
posed by Mcllvried (9) in which pyridine is 
hydrogenated first into piperidine and be- 
fore hydrogenolysis of the C-N bonds. Con- 
cerning the formation of pentane, its initial 
rate, sometimes smaller than that of piperi- 
dine formation, is never equal to zero. 
Therefore pentane can also be considered, 
at least for a fraction of it, as a primary 
product. 

Within our working conditions, neither n- 
pentylamine nor by-products sometimes ob- 
served by others (13, 19) have been de- 
tected; only very small amounts (less than 
1%) of N-pentylpiperidine were sometimes 
observed. 

The total HDN activity corresponding to 
pyridine disappearance at 573 K, measured 
with a space time of 168 h.  g. tool- ~ depends 
on the temperature TR (Fig. 2). After a first 
initial activity increase, the curve reaches a 
maximum for T R = 623 K; after that, the 
activity progressively decreases to about 
T R = 800 K at which it is roughly 35% of 
that found at the maximum. By comparing 
the curves for the two catalytic systems, it 
appears that nickel has a poor promoting 

effect, an observation already noted in HDN 
of pyridine (20) or of quinoline (21). More- 
over, the activity change as a function of TR 
is similar with or without presence of the 
promoter. This is completely different for 
toluene hydrogenation (•8): the presence of 
nickel enhances activity by a factor of ~ 10 
at low TR (573 K) whereas the promoting 
effect is diminished up to ~2 for high TR 
(773 K). Now, the pentane selectivity (Sp) 
completely depends on both the tempera- 
ture of pretreatment under H2 (TR) and on 
the presence of the nickel in the catalyst 
(Fig. 3). At low TR, for a space time 
W/Fpyridine = 168 g • h • mo1-1, selectivity 
reaches 100% in both cases but, when T R is 
increasing, the Sp decrease is much faster 
with the Ni-Mo system than with the Mo 
catalyst. 

The effects of both TR and the space time 
W/Fpyridine have been widely explored on the 
Ni-MoS2/y-A1203 catalyst (Fig. 4a and 4b). 
In Fig. 4a the evolution of the pentane selec- 
tivity Sp is reported as a function of TR. For 
a low space time value (84 h • g • mol- 1) the 
selectivity Sp decreases from about 70 to 
40% when T R increases. On the contrary 
at higher space times, the pentane selec- 
tivity reaches 100% at low T R and the 
lower limit is around 45%. Another way 
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FIG. 2. Pyridine H D N  activity ve r sus  the pretreat-  
men t  tempera ture  T R on Mo/3,-A1203 and  NiMo/y-AlaO 3 
(W/Fpyridine = 168 h • g - mol-1).  
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FIG. 3. Selectivity into pen tane  during pyridine H D N  
ve r sus  the  pre t rea tment  tempera ture  TR on Mo/y-AlzO~ 
and NiMo/7-AI203 (W/Fpyridine = 168 h • g • mol-1).  

to represent these changes is to plot 
the pentane selectivity as a function of 
W/Fpyridine for different TR (Fig. 4b). Al- 
though less documented, similar changes 
have been observed on the Ni-MoS2/ 
"yAlzO 3 system. 

Effect of  the H 2 Pressure 

The aim of this study was not really to 
explore the details of the kinetics and deter- 
mine the orders of the reaction with respect 
to each compound but to compare the evolu- 
tion of both hydrogenation and hydrogeno- 
lysis reactions under different hydrogen 
pressures. On the Mo/y-A1203 catalyst, the 
influence of the H 2 pressure on the total 
pyridine consumption activity and on the 
product (piperidine, pentane) formation ac- 
tivities has been studied in the 30 to 60-atm 
PH2 range for two states of the catalyst im- 
posed by TR at 623 or 773 K. The results are 
reported in Fig. 5, which represents activi- 
ties of consumption or production as a func- 
tion of PH2 (atm) in a log-log scale. Clearly, 
for T R = 623 K (Fig. 5a), the H2 apparent 
kinetic orders, measured by the slopes of 
the straight lines obtained, are the same for 
the total pyridine consumption or piperidine 
formation rates (~ 1.75 to 1.8) and different 
for the pentane formation rate (=0.4). For 
T R = 773 K (Fig. 5b), the H2 apparent kinetic 
orders are close (~ 1.5) whatever the activity 
concerned, even the pentane formation ac- 

tivity. The set of experimental results pre- 
sented in this paper, in particular the pen- 
tane selectivity change as a function of both 
T R (Fig. 4b) and W/Fpyridine and the kinetic 
effects of the H 2 pressure which are mark- 
edly different for pentane at low TR on the 
Mo/T-AI203 catalyst (Fig. 5), is indicative 
that pentane can be produced through two 
different routes and a detailed analysis on 
the dual mechanism of pyridine HDN is fur- 
ther discussed in the next section. 

The complete set of the H 2 pressure effect 
for pyridine conversion measurements on 
the Ni-MoSz/y-A1203 catalyst are reported 
in Fig. 6. The Hz apparent orders relative to 
the pyridine disappearance rate are between 
1.50 to 1.70 depending on TR. Those associ- 
ated with piperidine formation qualitatively 
follow the total activity trend with, how- 
ever, some accidents in the observed 
straight lines. These evolutions are quite 
similar to those found on the MoSz/T-AI203 
system. More difficult to explain is the de- 
pendence on H a pressure of the pentane for- 
mation rate which on the log-log scale plot 
(Fig. 6c) does not reveal a linear relation- 
ship. The presence of nickel may be associ- 
ated with this complex Hz dependence. 

D I S C U S S I O N  

Pyridine HDN Pathway 

The classical pathway for the HDN reac- 
tion of pyridine was proposed first by McI1- 
vried (9): it mainly consists of two succes- 
sive steps with an initial reversible 
formation of piperidine, a hydrogenation 
product which is desorbed and appears in 
the gas phase, followed by the hydrogeno- 
lysis of the Csp3-N bond. The quantity of n- 
pentylamine formed at that step is a function 
of the contact time and is generally small 
because the second hydrogenolysis step 
which leads to pentane and ammonia is fast. 
This reactive scheme has been confirmed 
several times (22) when HzS was present in 
the feed. 

Within the experimental conditions used 
in this work, the n-pentylamine intermediate 
has never been detected. For experiments 
with the catalysts submitted to H 2 at low T R, 
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FIG. 4. Selectivity into pentane during pyridine HDN on NiMo/y-A1203. (a) versus T• at various space 
times, (b) versus space time at various T R. 

the results are in complete agreement with 
the previous proposed pathway (9): indeed, 
piperidine is considered as a primary prod- 
uct (Fig. 1) and the pentane selectivity is 
decreasing when the space time W/Fpyridine 
is also decreasing (Fig. 4). Pentane is there- 
fore a secondary product. However, even 
at low TR (573-623 K), the initial rate of 
pentane formation is never equal to zero as 
shown by the change of the product distribu- 
tion as a function of the space time (Fig. 1). 
In addition, for the experiments performed 
on the catalysts treated at the highest T R 
(~-800 K), the pentane selectivity Sp is con- 
stant (~40%) whatever the space time (Fig. 
4a or 4b). This implies that the piperidine 
and pentane formation rates are constant. 
This evidence is not in agreement with a 
scheme with successive reactions: the more 
piperidine is transformed, the more pentane 

is formed and the selectivity in pentane Sp 
should increase with the space time as 
shown for low-TR-pretreated catalysts. 
Clearly another possibility of pentane for- 
mation is needed to explain these results. 

Therefore we propose two alternative 
mechanisms for HDN ofpyridine (Scheme 1): 

PYR PIPE 
1~ 11, 

PYR(~as) ~ PIPE(aas) 

Ln-Pentylamtn%as) A 

PENT 
11, 

---> PENT(aas) + NH3 

PYR PENT 
11, 11, 

PYR(ads ) --> PENT(~as) + N H 3  

(A) 

(B) 
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Fz6. 5. Pyridine HDN activity, fill) pyridine conversion, (&) piperidine production, (0) pentane 
production), versus PH2 (log-log scale) on Mo/y-A1203 (W/Fpy~e~ne = 84 h " g ' tool-l). (a) T• = 623 K. 
(b) T R = 773K. 

PYR, PIPE, and PENT refer respectively 
to pyridine, piperidine, and pentane. The 
subscript (ads) concerns the adsorbed state. 

For the catalysts pretreated at low TR, the 
pathway A or the McIlvrield (9) pathway is 
preponderant and in agreement with experi- 
ments performed with HzS in the feed, 
whereas the second route B becomes more 
and more important when TR increases. The 
main experimental evidence for proposing 
the mechanisms reported in Scheme 1 has 
been obtained on the Ni-MoS2 catalyst but 
some observations like the product distribu- 
tion (Fig. 1) and the effect of P~2 (Fig. 5) 
permit one also to ascertain that this dual 
mechanism is adapted for both catalytic sys- 
tems. The specific role of nickel is further 
discussed. 

The results obtained at different H 2 pres- 
sures are also indicative of the simultaneous 
existence of two mechanisms for pentane 
production. In the first scheme, in which 
an equilibrium between pyridine, hydrogen, 
and piperidine exists, it is not obvious that 

the apparent H 2 orders relative to each rate 
(pyridine consumption or piperidine and 
pentane production) will be the same. From 
Figs. 5 and 6, it is clear that, for low TR, the 
formation rate of pentane is not as PI~ 2 de- 
pendent as the two other rates. For mecha- 
nism B, for which piperidine is present as 
an intermediate adsorbed product but is not 
detected in the gas phase, the pyridine con- 
sumption rate is therefore equal to the for- 
mation rate of pentane (the only product, 
with NH3). The Pu2 effect should be the 
same in each case. This is observed for high 
TR (Fig. 5b) where the apparent H2 order 
for pentane formation is the same as that 
corresponding to pyridine conversion. 

Kinetics 

By taking into account a large number of 
already published observations (8, 9, 22a) 
concerning pyridine HDN, it is reasonable 
to assume the following statements in for- 
mulating kinetic relationships: 
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FIG. 6. Pyridine HDN activity ((11) pyridine conversion;  (A) piperidine product ion;  (O) pentane  
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(i) The adsorption mechanisms of the 
molecules involved in pyridine HDN are 
described by a Langmuir-Hinshelwood 
model. 

(ii) There is no competitive adsorption 
between H 2 and the other molecules. This 
means that H 2 is adsorbed on sites different 
from those adsorbing N-containing mole- 
cules. In the following the nature of the H- 
adsorbed species and the apparent kinetic 
order relative to H 2 are not discussed. 

(iii) There is no dissociation in the ad- 
sorbed state of the N-containing molecules. 

(iv) Adsorption of saturated hydrocar- 
bons (pentane and solvent) are negligible 
with respect to the N-compounds. 

Then rate rj of a given step J of the HDN 
process can be written as 

bH2"PH2 ~ bi 'Pi  

rj = kj 1 + bH2" PH2/ " l + ~ bi" P i 
(1) 

i 

where b is the adsorption coefficients of the 
reactants (H2, pyridine PYR) or products 
(piperidine PIPE, pentane PENT, and NH3) 
and Pi is the partial pressure of compound i. 

For the reaction conducted under a con- 

stant H 2 pressure, the term in parentheses 
in Eq. (1) is constant and can be incorpo- 
rated in an apparent rate constant kj. 

The objectives of this analysis are to com- 
pare the kinetics of the consumption rate 
of pyridine according the pathways A or B 
described in Scheme 1. Therefore this rate 
can be calculated as a function of the pyri- 
dine molar fraction X p y  R 0 . = p p y R / P P y R .  

r I = - dXpYR, (2) 
dt 

where t(or W/FpyR) represents the space 
time in h • g • mo1-1. 

In Table 1 are reported the different ki- 
netic equations we can propose by consider- 
ing adapted approximations. For mecha- 
nism A, two extreme hypotheses have been 
chosen; the kinetics of pyridine consump- 
tion are only influenced by the presence of 
pyridine and nitrogen products which can 
have identical (rate r~(a)) or different (rate 
r~(b)) adsorption coefficients. For mecha- 
nism B, piperidine is not detected in the 
gas phase so that it will not influence the 
kinetics. Whatever the chosen approxima- 
tion, only two kinetic equations are obtained 
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as rA(a) is identical to riB(b), whereas 
rA(b) is similar to r~(a). Therefore to test the 
validity of these equations, Fig. 7 shows 
both In 1/XpyR as a function of t (actually 
W/FpyR) and 1/(1 - XpyR) In 1/XpyR as a 
function of t/(1 -- XpyR). Despite the limited 
number of experimental values, the changes 
in the curves are clear enough to indicate 
the trends. For example, for low TR a linear 
relationship is obtained with the second rep- 
resentation (Fig. 7a) whereas for higher TR 
(TR = 773 K) the straight line passing 
through the origin (Fig. 7b) indicates that 
the first representation is valid. By recalling 
that at low TR (typically 623 K), mechanism 
A is the main route for pyridine conversion, 
it appears that the best fit corresponds to the 
rate rlA(b). This is in agreement with the 

analysis of Shih and co-workers (23) where 
it was suggested that only pyridine and ni- 
trogen products are competitively adsorbed 
on the same sites. Obviously, the basicity 
and aromatic character of pyridine are dif- 
ferent from those of piperidine and ammo- 
nia, and therefore it is inferred that bNp 
bpyR (NP, nitrogenated products). The ex- 
trapolation of the obtained straight line (Fig. 
7a) to a zero value of t/(1 - XpyR) gives a 
negative value which means, considering 
the integrated relationships reported in Ta- 
ble 1 that bpyR is higher than bNp,  a s  ex- 
pected. At high TR mechanism B becomes 
more important and in that case the best fit 
corresponds to bpyR= byn3. This approxi- 
mation is not contradictory with the previ- 
ous one as the pyridine conversion route is 
different, which implies that, even in the 
adsorption step, pyridine is differently ad- 
sorbed. The main benefit of this kinetic anal- 
ysis is therefore to show that the dual mech- 
anism for pyridine conversion is mainly due 
to a different adsorption mechanism on the 
sites present on the catalysts studied. In 
fact, the steps are always the same and the 
hydrogenation reaction remains a prerequi- 
site but at high reduction temperatures TR, 
it is probable that the active sites do not 
allow the piperidine desorption either be- 
cause its adsorption is too strong or because 
the hydrogenolysis step is too fast. 

Nature o f  Adsorption Sites: Role 
o f  Nickel 

We point out here that the effect of TR 
on the catalysts we have investigated is to 
remove sulfur progressively at the edges of 
the supported MoS 2 platelets. Therefore the 
nature of the active sites is changing upon 
progressive increase of T R and it is not so 
surprising that a different HDN mechanism 
takes place for low and high T R. At low TR, 
the number of sulfur vacancies is relatively 
small and the pathway relevant to the MacI1- 
vried network (9) has been found to be domi- 
nant. This is consistent with the fact that 
HDN is normally performed with a given 
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partial pressure of H2S which probably im- 
poses the S/Mo stoichiometry and limits the 
number of anionic vacancies. 

The role of nickel in this investigation is 
rather complex since it can be considered 
also as a catalytic site because the treatment 
under H2 at TR may remove S bound to 
nickel or nickel can influence the properties 
of the sites associated with molybdenum; 
the extent of the nickel influence does not 
appear very important in terms of pyridine 
HDN as a function of T R (Fig. 2): for tow 
TR, the Ni-MoS 2 activity is slightly higher 
than the Mo activity and Ni is therefore con- 
sidered as a weak promoter for HDN. At the 
highest TR, both systems have comparable 
activity and in that case, nickel is no longer 
considered a promoter. The more detectable 
influence of nickel in this series of experi- 
ments concerns the pentane selectivity Sp 
(Fig. 3): the evolution, starting from the 
same value (Sp = 100%) is quite different 
for the MoS2 and Ni-MoS2 systems when 
T~ increases. Taking into account that two 
HDN mechanisms exist simultaneously for 
pyridine transformation, nickel may favor 
route B more rapidly when T R increases. 

CONCLUSION 

The mechanism for HDN of pyridine on 
MoS 2 and Ni-MoSz/y-AI203 catalysts has 
been found to be dependent on the tempera- 
ture of treatment under H 2 (TR) carried out 
before the catalytic tests. The effect of TR is 
to progressively remove sulfur at the edges 
of the supported MoS2 phase and create co- 
ordinatively unsaturated Mo sites. For low 
TR, a reaction network similar to that al- 
ready described by McIlvried (9) has been 
found to be the main pyridine conversion 
route whereas a second mechanism for 
which no piperidine desorption occurs has 
been evidenced for high T~. From kinetic 
arguments, it has been deduced that the 
mode of pyridine adsorption is different for 
these two mechanisms. The way in which 
the experiments are conducted (absence of 
HzS in the feed during the HDN tests) may 
lead one to suppose that the catalyst is irre- 

versibly evolving during the tests conducted 
under high H 2 pressure. We have checked 
(18) the total reversibility of the HDN re- 
sults as resulfidation after a H 2 treatment at 
T~ = 773 K restores the original activity of 
the catalyst. 

The question arises as to whether, under 
practical conditions where HzS and/or sul- 
fur compounds are present in the feed, the 
second pathway we have indicated still ex- 
ists. No definite answer can be given but 
what is clear from this study is the fact that 
the mode of adsorption of molecules (i.e., 
nitrogenated compounds), and conse- 
quently their reactivity, is influenced by the 
nature of the active site for which the num- 
ber of coordinative unsaturations is in dy- 
namic evolution as a function of the H2S 
partial pressure. 
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