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HYDROXYL ORIENTATIONS AND INTERLAYER 
BONDING IN AMESITE 
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Abstract--The hydroxyl orientations in the 2H2 polytype of amesite, Mg~AI(SiAI)O~(OH)4, have been de- 
termined by minimizing the electrostatic potential energy as a function of OH orientation. The angles, p, 
between the hydroxyls and (001) vary between 81,5 and 88.8 ~ All surface hydroxyls form hydrogen bonds 
with oxygens of the adjacent layer. The OHs tend to tilt away from the higher charged A1 v1 ions, and the 
spread in p values is due to variations in the positions of the receptor oxygens. The inner hydroxyls no- 
ticeably weaken the interlayer bonding. The substitution of AI in both T and M sites creates a dipolar layer 
charge and the resulting attraction between layers forms an important part of the interlayer bonding. The 
2H2 polytype of amesite has substantial interlayer bonding even with all surface hydroxyls replaced by 
fluorine. This is not true for a composition of Mg3SizQ(OH)4 where a similar F for OH substitution destroys 
all interlayer bonding as in kaolinite. 
Key Words---Amesite, Fluorine, Hydroxyl orientation, Interlayer bonding, Serpentine. 

INTRODUCTION 

The interlayer bonding (ILB) in 2:1 phyllosilicates 
was at one time discussed solely in terms of the attrac- 
tion between the negative layer charge and the positive 
interlayer cation. It is known that many other factors 
are also important. Hydroxyl orientation, the octahe- 
dral site occupancy (tri- or dioctahedral), and polytype 
have been identified as contributing to the interlayer 
bonding. The existence of a layer charge is not neces- 
sary in order to have an electrostatic interlayer bond as 
shown for the neutral-layered talc and pyrophyllite 
(Giese, 1975). Doubtless, as more work is completed, 
other factors will be uncovered. 

By comparison with 2:1 layer structures, 1:1 struc- 
tures are simpler, and their interlayer bonding has re- 
ceived much less attention. Of this group, by far the 
most work has been done with kaolinite. It was rec- 
ognized very early that the asymmetric nature of the 
layer with oxygens on one surface and hydroxyls on the 
other provides the opportunity for hydrogen bond for- 
mation. Much subsequent work was devoted to deter- 
mining the OH orientations before this hypothesis 
could be tested. Because, in the kaolin-group minerals, 
ionic substitutions are very minor, the question of the 
possible role played by substitutions never arose. Re- 
cent work has in fact substantiated the earlier ideas 
about hydrogen bonding and, while the OH orientations 
vary considerably among the minerals kaolinite, dick- 
ire, and nacrite, the resulting ILB for all three is of com- 
parable magnitude (Giese, 1973). 

The trioctahedral 1:1 structures have received less 
attention probably because there was little question 
about the OH orientations which were assumed to be 
normal to (00 I). At the same time there was no accurate 

structure determination of a well characterized 1:1 
trioctahedral structure with which to work. In spite of 
this, an attempt was made by Wolfe and Giese (1974) 
to determine the OH orientations of an idealized struc- 
ture. The hydroxyls were found to be nearly normal to 
(001) as predicted. However, on examination of the 
ILB of this structure, several unexpected results were 
found, particularly when various ions were substituted 
in the tetrahedral and octahedral sites. It was not clear 
at the time whether the results were real or an artifact 
due to the idealized structure. The results reported here 
completely substantiate the correctness of the previous 
work. 

Recently, a refinement of the structure of amesite has 
appeared (Hall and Bailey, 1979). Amesite is an excel- 
lent structure for the purpose of studying the ILB be- 
cause extensive substitution of both tetrahedral and 
octahedral sites occurs and the substitutions are highly 
ordered. These features allow one to examine three as- 
pects of the structure: (1) OH orientations, (2) the effect 
of ordered T and M sites on OH orientations, and (3) 
the role played by the substitutions in the ILB. The 
hydroxyl orientations and the ILB are treated in sep- 
arate sections below. 

HYDROXYL ORIENTATIONS 

Hydroxyl orientations have been determined using 
the electrostatic energy minimization method as de- 
scribed elsewhere (Giese and Datta, 1973; Giese, 1979). 
The amesite of Hall and Bailey (1979) has a 2Hz struc- 
ture with extensive AI substitution for Si and Mg. The 
observed structural formula closely approximates the 
ideal composition MgeAI(SiAI)Q(OH)4 used for the 
present calculations. The 2H~ polytype has two unique 
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LAYER 1 LAYER 2 
Figure 1. Projections of the amesite structure onto (001) for the two independent layers. The tetrahedral sheets are shown 
superimposed over the adjacent octahedral sheets. Hydrogens are indicated by solid circles and hydrogen bonds by a line of 
dots. The nomenclature is identical with that of Hall and Bailey (1979). 

layers  wi th  a total  of  8 hydroxy l s .  This  is the  la rges t  
n u m b e r  of  h y d r o x y l s  to  b e  re f ined  to  date  by  the  elec- 
t ros ta t ic  ene rgy  a p p r o a c h .  To t rea t  such  a large n u m b e r  
of  va r i ab les  would  requ i re  lengthy  c o m p u t a t i o n s ;  how- 

eve r  two  s implifying fea tu res  al low a subs tan t i a l  re- 
duc t ion  in c o m p u t i n g  t ime.  Fi rs t ,  t he  h y d r o x y l s  of  the  
two layers  are  suff iciently far  f rom each  o the r  tha t  the  
in te rac t ion  of  an  O H  in one  layer  wi th  one  in an  ad j acen t  

Table 1. Hydrogen fractional positional parameters, hydroxyl orientations, and the hydrogen bonding environment for the 
hydroxyls of amesite. 

o, k . 
Layer  x y z p ) . .O  . .O (/~) O - H . . . O  Receptor 

H(1) 0.492 0.170 0.096 82.40 
H(2) 0.317 0.007 0.377 82.4 ~ 2.81 1.85 172.6 ~ 0(33) 
H(3) 0.356 0.340 0.375 88.5 ~ 2.73 1.77 168.8 ~ 0(44) 
H(4) 0.824 0.166 0.376 81.5 ~ 2.83 1.86 170.5 ~ 0(55) 

H(11) -0.011 0.329 0.595 82.3 ~ 
H(22) 0.668 0.341 0.875 82.3 ~ 2.76 1.79 171.7 ~ 0(5) 
H(33) 0.671 -0.013 0.877 88.5 ~ 2.80 1.85 167.0 ~ 0(4) 
H(44) 0.153 0.180 0.876 83.0 ~ 2.83 1.86 171.5 ~ 0(3) 
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Figure 2. A perspective view of part of the amesite structure 
looking down the a axis. 

layer can be neglected. Second, the inner hydroxyl,  in 
practice, has little effect on and in turn is little affected 
by the other three surface hydroxyls of its layer. There- 
fore, amesite can be treated as two separate problems 
of 4 OHs each and of  these 4, only 3 interact t o t h e  ex- 
tent that they need be refined in an iterative manner. 
The starting model had all 8 0 H s  oriented normal to 
(001) and directed away from the plane containing the 
coordinating M sites. The inner hydroxyl was located 
first and held fixed in its minimum energy orientation 
while the 3 surface hydroxyls were refined. This re- 
quired three cycles of  refinement for each layer. 

The orientations of the OHs are nearly normal to 
(001) as indicated by the earlier study of Wolfe and 
Giese (1974). Table 1 gives the fractional positional pa- 
rameters of all 8 hydrogens,  the angle p between the 
OH and (001), the O ( H ) . . . O  and H . . . O  distances, 
and the O - H . . . O  angle where hydrogen bonding is in- 
dicated. All of the surface hydroxyls are involved in 
nearly linear hydrogen bonds as will be discussed below 
and, as suggested by the similar H . . . O  distances, to 
about the same degree. 

Figure 1 shows the relevant parts of the structure 
projected onto (001); Figure 2 is a perspective view of 
the structure looking down the a axis. It is clear from 
the figures as well as from the p values in Table 1 that 
the deviations from perpendicularity of all the hydrox- 
yls are small but significant. It has been shown for the 
kaolin-group minerals as well as for the 2:1 phyllosili- 
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Figure 3. The change in potential energy of amesite and ka- 
olinite as a function of the increase in the interlayer space. The 
horizontal dashed line represents the zero value of energy 
change. 

cates that the factors which determine OH orientation 
are (1) occupancy of the M sites as well as the charges 
of the M cations, (2) availability of an appropriate ac- 
ceptor atom, and (3) suitable placement of cations other 
than the coordinating M cations (Giese and Datta, 1973; 
Giese, 1979). The first factor determines the orientation 
(perpendicular) in a trioctahedrai structure unless the 
difference in charge among the three sites is extreme. 
All surface hydroxyls of amesite have oxygens in the 
neighboring sheet which are in positions where, geo- 
metrically, hydrogen bonds can form. The inner hy- 
droxyls,  H(1) and H(11), are far from any other anions 
so that the possibility of hydrogen bonding does not 
arise. The third factor exerts little influence on the sur- 
face hydroxyl orientations in amesite. 

When viewed in detail, the deviations of  the hydrox- 
yls from 90 ~ are easily explained in terms of the previ- 
ously described factors. The inner hydroxyls are the 
simplest since no hydrogen bonding exists. These hy- 
droxyls lie in a large cavity surrounded by atoms dis- 
tributed in a highly symmetrical arrangement, and they 
tend to cancel each other. Figure 1 shows that OH(l)  
is tilted away from the high-charge M site, AI(3), and 
lies close to the plane containing the shared edge of  the 
other two M sites, Mg(1) and Mg(2). The interpretation 
that the asymmetry of  the M site charges is the principal 
cause for the tilt of 7.6 ~ is hard to resist. Examination 
of OH(I 1) in the second layer (Figure 1) shows a similar 
situation. The magnitude of these tilts is in very good 
agreement with some earlier work done on a 1M biotite 
with two divalent ions and one trivalent ion in the oc- 
tahedrai sites (Giese, unpublished). 

The other hydroxyls fall into two categories; those 
with/9 values between approximately 81 ~ and 83 ~ and 
those with values near 90 ~ All 6 of these hydroxyls are 
involved in hydrogen bonding as is shown below. The 
positions of the acceptor  oxygens vary and, in one 
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Figure 4. The change in potential energy of "disordered" 
amesite as a function of the increase in the interlayer space. 
The disordering results from assigning average cation charges 
to the T and M sites of the amesite structure. 

group (81 ~ to 83~ the acceptor and the coordinating A1 
are on opposite sides of the hydroxyl oxygen. The re- 
pulsion of the AI tends to tilt the OH away from the A1 
site, coinciding with the direction of closest approach 
of the acceptor.  The acceptor  atoms of the second type 
(near 90~ OH(3) and OH(33), are positioned over the 
A1 containing sites as viewed in a (001) projection. The 
OH has the tendency to tilt toward the AI in order to 
shorten the H . . . O  distance, but this increases the 
A 1 . . . H  repulsion. The result of these conflicting forces 
is an OH which is more nearly perpendicular to (001) 
than the other OHs. The placement of the T cations in 
one layer over the OHs in the surface o f  the adjacent 
layer is never such that the T cations interfere markedly 
with the desired OH orientations. This is very different 
from the kaolin-group minerals where the T sites ap- 
parently strongly influence the OH orientations, partic- 
ularly for hydroxyls which are not involved in the hy- 
drogen bonding. 

I N T E R L A Y E R  BONDING 

The ILB has been examined in a large number of  
phyllosilicates (Giese, 1978). The deviations of the P 
values of amesite from 90 ~ are not sufficient to justify 
examining the ILB as it is influenced by P. Of much 
more interest,  however,  is the change in the ILB as a 
function of cation substitution. To study this aspect,  
three model structures were used: (1) a normal amesite 
as described in the previous section, (2) a "d i sordered"  
amesite with average charges on the T and M sites cor- 
responding to complete long-range disorder, i.e., 3�89 on 
the T sites and 2�89 on the M sites, and (3) a "serpen-  
t ine" of composition Mg:~Si~O~(OH)4. All three used the 
structure data of amesite and differed only in the dis- 
tribution of  the cation charges. 

For  these three structures, the contribution of the in- 
dividual hydroxyls to the ILB was evaluated by sub- 
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Figure 5. The change in potential energy of "serpentine" as 
a function of the change in the interlayer space. The "serpen- 
tine" is based on the amesite structure but with +2 charges 
on the M sites and +4 charges on the T sites. 

stituting selectively F for OH and comparing the re- 
suiting ILBs. The following situations were examined: 
(1) the normal structure with all hydroxyls present, (2) 
the inner OH only replaced by F, (3) the surface hy- 
droxyls only replaced by F, and (4) all hydroxyls re- 
placed by F. 

The results of these calculations are summarized in 
Figures 3-5 in the form of changes in potential energy 
as a function of increase in the separation of the layers. 
By comparing the curves, it is clear that the ILB of 
amesite and "d i sordered"  ames~fe are nearly identical 
and that both greatly exceed the ILB of the "serpen-  
t ine."  For  each structure, the sequence of curves is the 
same; they vary only in vertical displacement. Surpris- 
ingly, the strongest ILB for each of the three occurs 
when the inner OH is replaced by F. This result is com- 
pletely different from the dioctahedral  s tructures 
(Giese, 1973) where the inner OH has no influence on 
the ILB. The difference between the two structure 
types is due first to the different OH orientations: ver- 
tical for the trioctahedral and in the (001) plane for the 
dioctahedral structures. The perpendicular orientation 
in amesite brings the hydrogens much closer to the at- 
oms of the adjacent layer. Second, the stacking of the 
layers is also very different. Amesite has a stacking 
such that the inner hydroxyls are directed toward oxy- 
gens of the next layer which are shared by three octa- 
hedra and one tetrahedron. These two oxygens [0(22) 
for H(1) and 0(2) for H(11)] lie below the surface of the 
hydroxyl sheet in the plane of oxygens shared by the 
octahedral and tetrahedral sheets. The attraction of the 
oxygen and hydroxyl  hydrogen will be weak due to the 
large distance between them [6.03 A for H(I 1 ) . . . 0 (2 ) ] .  
Counteracting this attraction is the repulsion from the 
three hydrogens of nearby surface hydroxyls [3.54 to 
3.67 A about H(11)], the three octahedral cations [5.30 
to 5.37 ~ about H( l l ) ] ,  and the tetrahedral cation di- 
rectly opposite the inner OH [7.79 A for H(11) . . .AI(2) ,  
see Figure 2]. It is clear from the ILB curves in Figures 
3-5 that the repulsion terms are much larger than the 
attraction. The inner OHs in amesite, therefore, weak- 
en substantially the ILB. 

Substitution of F for surface OHs also greatly weak- 
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ens the ILB for amesite and "disordered" amesite in- 
dicating that they are a major, but not the only, factor 
in determining the ILB. Even with all the surface hy- 
droxyls replaced by F, there remains a substantial at- 
traction between the layers due to the dipolar layer 
charge, ( - )  on the T sites and (+) on the M sites. 

When all hydroxyls are replaced by F, the ILB is in- 
creased compared to the situation in which the surface 
OHs only are replaced. This is due to the destabilization 
of the ILB by the inner OHs referred to above. 

Figure 3 shows, in addition to the curves for amesite, 
ILB curves for kaolinite and F-kaolinite, that is, ka- 
olinite with all of the hydroxyls replaced by F. In gen- 
eral, the substituted trioctahedral structures have a 
stronger ILB than kaolinite. This increase means that 
the exchange of F for surface OHs which results in a 
near zero ILB for kaolinite has a much less dramatic 
effect on the trioctahedral structures, and that these 
structures retain significant interlayer bonding. On the 
other hand, the kaolinite and "serpentine" curves are 
very similar. 

CONCLUSION 

The hydroxyl orientations for the 2H2 polytype of 
amesite determined by minimizing the electrostatic po- 
tential energy are nearly perpendicular to (001). The 
ordered substitution of A1 for Mg in the M sites results 
in tilts away from perpendicularity of approximately 
7.6 ~ . Superimposed upon these tilts is the influence of 
the receptor oxygens in the adjacent layer. Placement 
of these oxygens perturbs some of the OH orientations 
by several degrees. 

In amesite, the ILB is due to the dipolar charge of the 
l: 1 layer resulting from AI substitution in T and M sites 
as well as the interlayer hydrogen bonding. The latter 
predominates over the former. The inner hydroxyls 
contribute in a negative sense to the ILB, mainly 
because there seems to be repulsion between the inner- 
hydroxyl hydrogen of one layer and the surface-hy- 
droxyl hydrogens of the adjacent layer, as well as be- 
tween the M cations of the adjacent layer. Selective 
replacement of these hydroxyls by halide would sub- 
stantially increase the ILB. 
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Pe3~ome----Onpe~ennnncb opneHTalInn rn~lpoKcnna B 2H~ no.rInTnnnoM aI4e3nTe, MgzAI(SiAI)O~(OH)4, 
C nOMOI/l~blO MnHnMn3al~nl,I 3neI<TpOCTaTriqecKofi noTenKnaz]buofi aneprn• raK di~ynr~II, I opneaTat~na 
OH. YrJml, p, Menc4Iy rn)lpoxcn~aMn n (001) nBMeHSIOTCZ a npe~eJtax 81,5 n 88,8 ~ Bce noaepx- 
HOCTHI*Ie FH~pOKCP1JIbl dpOpMHpyIOT Bo~opo,1IHble CB~I3M C KHCJIOpO~aMrl npI, IMblKalOII~eFO CJIOfl. O H  
MMeeT TeH]~eHI~MIO OTKJIOH~ITbC~I OT BblIlle 3ap~l)KeHHbIX IJOHOB Al VI, M p a 3 6 p o c  BeJII4qMH p npOMCXO~I, IT 
B pe3yJIbTaTe MBMeHeHMfi B pacno.rlo;~KeHMH peIleHTOpHbIX KMCJIOpO~OB. nHyTpeHHI4e FH~pOKCM31bl 
3aMeTHO ocna6J~OT Me)KcJIO~IHble CB~I31/I. 3aMeI~eHHe AI a MecTax T n n co3~laeT 614noJDtpHbII~ 
CYlOMHblM 3apnn n 06pa3y~oIaeecn  a pe3yJibTaTe 3TOFO IIpHT~Z~KeHHe CJIOeB BK~roqaeT cyI~eCTBeHHyIO 
qacTb Me)KC.rlOI~HblX CB~I3eI~. 2H2 I1OYlI4TMHHbIfi aMe3HT I, IMeeT 3HaqI4Te.rlbHhle Me~l(CdlOl~Hble CB~I3kl ~la~re 
CO BCeMII IIOBepxHoCTHblMI/I rl4~poKckl.rlaMl4, 3aMeltlettHbIMl4 qb.rHOOprlTOM, j l p y r a n  KapTI, IHa Ha6JIlOJIaeTc,q 
~Inn COCTaBa MgzSi~Oa(OH)4, r)le no~o6uan 3aMerm OH na F ynnqTO~raeT ace MemcnofiHs~e cBn3n 
~aK B ~aoarmnTe. [N. R.] 
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Resiimee Die Hydroxyl-Orientierungen des 2H.2-Polytyp von Amesit, Mg2AI(SiAI)O~(OH)4, wurden 
durch Minimierung der elektrostatischen Potentialenergie als einer Funktion der OH-Orientierung bes- 
timmt. Die Winkel, p, zwischen den Hydroxylen und (001) variieren zwischen 81,5 ~ und 88,8 ~ Alle Ob- 
erfliichen-Hydroxyle bilden mit der benachbarten Silikatschicht Wasserstoffbriicken. Die OHs tendieren 
dazu, sich yon den hfher  geladenen AlW-Ionen wegzuneigen und die Streuung der p-Werte beruht auf den 
Unterschieden in der Lage der Rezeptorsauerstoffe. Die inneren Hydroxyle schwiichen deutlich die Zwis- 
chenschichtbindung. Die Substitution von AI auf den T- und M-Pliitzen verursacht eine dipolare Schicht- 
ladung. Die daraus resultierende Anziehung zwischen den Lagen bildet einen wichtigen Beitrag zur Zwis- 
chenschichtbindung. Der 2H~-Polytyp von Amesit hat eine betriichtliche Zwischenschichtbindung selbst 
dann, wenn alle Oberfliichenhydroxyle durch Fluor ersetzt sind. Das gilt nicht flit eine Zusammensetzung 
von Mg~SieO~(OH)4, wo eine i~hnliche Substitution von OH durch F jegliche Zwischenschichtbindung zer- 
st6rt, genauso wie es bei Kaolinit der Fall ist. [U.W.] 

Rfsum6---Les orientations hydroxyles du polytype 2H2 d'amgsite, Mg2AI(SiAI)Os(OH)4, ont 6t6 d6ter- 
min6es en minimisant l'6nergie potentielle 61ectrostatique en fonction de l 'orientation d'OH. Les angles p 
compris entre les hydroxyles et (001) varient entre 81,5 ~ et 88,8 ~ Tousles  hydroxyles de surface forment 
des liens d'hydrog~ne avec les oxyg~nes de la couche adjacente. Les OH tendent b. pencher ~t 
l '6cart des ions AI w plus fortement charg6s, et l '6tendue des valeurs de p e s t  due aux variations dans les 
positions des oxyg~nes r6cepteurs. Les hydroxyles int6rieurs affaiblissent remarquablement les liens in- 
tercouches. La substitution d'Al dans les sites M e t  T cr6e une charge de couche dipolaire et l 'attraction 
r6sultante entre les couches forme une partie importante des liens intercouche. Le polytype 2H2 d'am6site 
fi des liens intercouches substantiels, m6me avec tousles hydroxyles de surface remplac6s par la fluorine. 
Ceci n 'est  pas vrai pour une composition de Mg3Si2Os(OH)4 oil une substitution semblable de F fi OH d6truit 
tousles  liens intercouches comme dans la kaolinite. [D.J.] 
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