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THE CRYSTAL STRUCTURE OF BOEHMITE 
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Abstract-The crystal structure of a synthetic boehmite sample has been refined to an R of 0.047 in the 
space group Amam from X-ray powder diffraction data. Inclusion of hydrogen atoms and/or refinement in 
th:. space group A21am gave poorer results. Cell dimensions ~ere determined as a = 3.6936 (± 0.00(3), 
b - 12.214 (± 0.(01), c = 2.8679 (± 0.00(3) A. All AI-O(OH) distances lie between 1.88 and 1.91 A. Shared 
o~tahedral edges are 2.~1.-2.52 A, and unshared o~tahedral edges are 2.86-2.87 A, in excellent agreement 
with those for layered slhcates, The O-H ... 0 distance between contiguous octahedral sheets is 2.71 A. 
The computed X-ray pattern matches ~loseIy with the experimental pattern , indicating the degree to which 
the crystal structure has been determmed. 
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INTRODUCTION 

The crystal structure of boehmite, AlO(OH), has 
been studied only by X-ray powder diffraction since 
sufficiently large single crystals, either natural or syn
thetic, are unknown. The general attributes of the 
boehmite structure, space group Amam with Z '" 4, 
were determined from synthetic materials by Reichertz 
and Yost (1946), who based their analysis on the struc
ture oflepidocrocite, FeO(OH), an isomorph of boehm
ite. The structure of lepidocrocite was determined by 
Ewing (1935) from oscillation and rotation photographs 
of a naturally occurring single crystal. The powder data 
of Reichertz and Yost (1946) were limited to 10 useful 
reflections, and their structure suggested a large Al-O 
distance, 2.06 A, and a small O-H ... 0 distance, 2.47 
A, smaller than any similar distance previously known. 

Milligan,and McAtee (1956) investigated the diffrac
tion patterns of several synthetic boehmites, two of 
which were prepared hydrothermally. They presented 
a detailed listing of calculated and observed d-values 
and intensities and suggested Amam as the most likely 
space group. Their structure showed one rather large 
AI-O distance of 1.99 A, and an O-H ... 0 distance 
of 2.70 A between neighboring octahedral sheets. 

An X-ray study of boehmite prepared by reaction of 
steam on aluminum at 220°C was reported by Bezjak 
and Jelenic (1964). They suggested that the space group 
may be C222 h Pnna, or Pbcn, but indicated Amam as 
the most probable. They used least squares and Fourier 
methods to refine the atomic coordinates and aniso
tropic temperature parameters and obtained an R of 
0.05 for an unspecified number of reflections. Their 
structure showed an AI-O distance of 1.94 A and an 0-
H ... 0 distance of 2.63 A. 
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Recently, Christensen and Christensen (1978) rein
vestigated the structure of lepidocrocite by neutron 
powder diffraction. The best agreement between ob
served and calculated intensities was obtained when 
the structure was refined in the space group Cmc2) (= 
A2)am), an acentric variation of Amam. The lower 
space-group symmetry was a result of the noncentered 
location of the hydrogen atoms. The data recorded at 
room temperature gave 16 resolved peaks with contri
butions from 108 reflections and refined to an R ofO.13. 

One objective of our investigation of the synthesis 
and characterization of boehmite was to determine the 
atomic coordinates as accurately as possible. The con
flicting nature of the previous studies led to an exami
nation of the data for boehmite given in the J.S.P.D. 
Data File (starred card number 21-1307). The data on 
this card are not satisfactory for several reasons . Two 
errors are noted; Z was incorrectly given as 2, and two 
adjacent d-values were indexed as (320). The d-value 
of 0.9818 A was unindexed, and little distinction was 
made between intensities whose values were small, 
e.g., 17 reflections were listed with an intensity equal 
to 2 on a scale of 100 '" strongest , while 5 reflections 
were recorded with intensity < 2. We attempte"d to re
fine these data in space group Amam with correct (hkl) 
values and with intensities having values <2 given a 
value of unity. Refinement of the structure gave an R 
of 0.10, but gave an unreasonably large AI-O distance 
of 2.14 A and a rather small AI-OH distance of 1.80 A. 

Our inability to extract satisfactory atomic coordi
nates for boehmite from the literature prompted us to 
record our own X-ray powder data and to refine both 
the cell dimensions and the atomic coordinates. Re
finement was attempted in the space groups Amam and 
A2)am with and without the presence of hydrogen at
oms. We also analyzed the limits of error in all of the 
derived parameters. This information was not given or 
not presented in a quantitative manner in any of the 
previous studies. 
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EXPERIMENT AL Table 1. Observed and calculated d-values, observed inlen-

Boehmite was synthesized by the method presented 
sities, and observed and calculated structure factors for 
boehmite.' 

by Hsu (1967). Briefly , 100 ml of a 0.6 N NaOH/4 N 
NaCI solution was added dropwise over a period of 30 hkl d,(A) d,(A) I, F, F, 

minutes to 100 ml of 0.2 M AICI3• The resulting gelati- 020 6.14 6.11 1000 169 -164 

nous precipitate was washed by successive dilutions 120 3.168 3.161 416 155 -151 
031 (140) 2.349 2.345 328 192 189 

with water and alcohol and centrifuged until chloride- 131 1.981 1.980 33 53 -57 
free as determined with silver nitrate solution. The pre- 051 1.861 1.860 243 217 -220 

cipitate was then placed in a silver-lined hydrothermal 200 1.848 1.847 163 254 -254 

bomb and held at 300c C for 6 days after which the ma- 220 1.768 1.768 45 99 102 

terial was freeze-dried, ground for 15 minutes in a me- 151 1.661 1.661 94 110 -116 
080 U27 1.527 36 151 -153 

chanical mortar, and stored in a stoppered vial in a des- 231 1.450 1.451 95 130 -133 
iccator prior to recording the diffraction pattern . 002 1.434 1.434 51 194 197 

The X-ray mount was prepared by back-loading the 180 1.411 1.411 2 29 - 28 

boehmite powder into an aluminum holder. Experi- 022 1.3% 1.3% 15 76 -82 
171 1.382 1.382 64 113 116 

mentation showed that the X-ray pattern was unaffect- 260 1.368 1.368 2 30 -30 
ed by the type of mount, whether front or back-loaded, 251 1.311 1310) 139 or the amount of pressure used in loading the powder, 122 1.303 1.306 

i.e. , preferred orientation was not evident , owing, per- 091 } 1.225 
1.227 

142 1.225 II 
haps, to the intergrown nature of the small crystallites 0,10,0 1.223 1.221 
as seen by scanning electron microscopy (Hofmann, 320 1.207 1.207 12 79 83 
1978). The sample length was large enough to contain 280 1.176 1.177 23 115 115 

the X-ray beam at the smallest diffraction angle, and 1,10,0 (271) 1.160 1.160 29 

the volume of sample irradiated was virtually constant 202 1.133 1.133 39 154 -146 
222 1.114 1.114 12 60 63 

at all diffraction angles. 331 1.090 1.090 2 26 33 
The experimental conditions were as follows: 1° di- 082 1.045 1.045 14 95 -97 

vergence and anti-scatter slits, 0.006" receiving slit; 0,11,1 1.036 1.036 I 26 -38 

scanning speed Y2c20!min , time constant 2; scale factor 351 1.027 1.027 13 65 63 
2,10,0 (0,12,0) 1.019 1.019 7 

16 and mUltiplier I; chart speed Y2 in/min. Power set- 262 0.9902 0.9898 4 37 -26 
lings of 35 kv and 8 rna were used between 10 and 74°28 1, 12,0 0.9817 0.9813 6 64 - 67 
and 50 kv and 20 rna for the region from 51 to 159°26. 371 0.9494 0.9493 17 73 -72 

The pattern (Figure I, lower trace) was taken with 033) 0.9309 O~~l 14 
Ni-filtered Cu radiation on a Philips diffractometer 0,10,2 0.9298 

400 0.9235 
equipped with a scintillation detector and pulse-ampli- 322 0.9234 0.9235 21 
tude discrimination. The positions of the diffraction 113 0.9229 

maxima were corrected over the entire angular range 420 0.9\31 0.9\31 5 55 -46 

by comparison with those of a powdered silicon sample 282 0.9099 0.9097 26 85 78 
2.11,1 0 .9036 0.9032 39 31 supplied by Philips. The intensities of the peaks in 

"'j om'j the overlap region provided an average figure which 1,10,2 
0.9017 

0.9017 29 

was used to place all of the intensities on a common 342 
0.8931 

0.8933 

scale. The intensities were taken as the planimetered 0,13,1 0.8929 
26 2,12 ,0 0.8913 0.8914 

area under the peaks after drawing in a suitable 053 0.8904 0.8903 
background. Observed d-values and intensities for 391 0.8691 o.~) 
each (hkl) are listed in Table I. 1,13,1 0.8683 0.8679 

38 3,10,0 0.8673 0.8672 
153 0.8656 0.8655 

CELL DIMENSION REFINEMENT 431 0.8591 0.8593 20 68 64 

The reflections were indexed on the basis of an or- 233 0.8310 0.8311 } 
2,10,2 0.8305 32 

thorhombic cell , and the cell dimensions were refined 0,12,2 0.8300 
in a least-squares program. The relationship of d-value, 451 0.8270 0.8271 36 81 -73 

(hkl), and cell dimensions for an orthorhombic cell was 173 0.8\75 0.8176 15 50 55 

treated as a linear equation in the variables 1/at , IJb2
, 

1,12,2 0.8097 0.8098 12 42 -47 

and I /cz. The quantity minimized was the sum of the 
2,13 ,1 0.8036 0 .8039 19 51 -49 

253 0 .8018 0 .8020 48 74 69 
squares of the differences between the observed and 480 0.7901 0.7902 19 63 -59 
calculated values of l/d2 • Standard deviations of the 3,12,0 0.7843 0.7845 10 41 44 

refined cell dimensions were derived from the diagonal , Structure factors are given only for those reflections utilized in 
terms of the inverted matrix. Solution of the normal the structure refinement. 
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Table 2. Cell dimensions for boehmite. 

RY 

3.691 
12.24 
2.859 

MM 

3.69 
12.24 
2.86 

BJ 

3.700 
12.227 
2.868 

This study 

3.6936 (± 0.00(3) 
12.214 (± 0.001) 
2.8679 (± 0.00(3) 

RY = Reichertz and Yost (1946), MM = Milligan and McAtee 
(1956), BJ = Bezjak and Jelenic (1964). 

equations yielded the results shown in Table 2. Only 
nonmultiple reflections andlor reflections whose d-val
ues could be read with certainty were included. Thirty
three reflections with equal weight were used. 

CRYST AL STRUCTURE REFINEMENT 

Atomic positions and isotropic temperature factors 
were refined by standard three-dimensional least
squares techniques using the CRYM crystallographic 
computing package (DuChamp, 1964). Initial coordi
nates were the "ideal" coordinates of Reichertz and 
Yost (1946) who derived them from an application of 
Pauling's Rules. Initial B-values were chosen as 0.5 for 
Al and 1.0 for 0 and OR. A starting B-value of3.0 was 
chosen for the hydrogen atom when it was included. All 
nonmultiple reflections were used in the refinement, 
and equal weights were given to all reflections. We con
sidered the inclusion of the multiple (031)/(140) reflec
tion to be justified here as the (140) peak made a neg
ligible contribution to the intensity of this reflection. 
Scattering factors for fully ionized atoms were taken, 
for the most part, from volume 4 of the International 
Tables for X-ray Crystallography with the real com
ponent of the anomalous dispersion correction includ
ed. The scattering factor for 0 2- was taken from Suzuki 
(1960). The hydroxyl group was approximated as 0-
regardless of whether the hydrogen atoms were includ
ed or not. The parameters varied in the refinement were 
the y-coordinates of three atoms, their corresponding 
B-values, and the scale factor. 

The function minimized in the least-squares refine-

Table 3. Atomic coordinates for boehmite for space group 
Amam and isotropic temperature factors. 

RY MM BJ' This study 

Atom y y y B 

AI -0.334 -0.322 -0.3165-0.317 (± 0.001) 1.2 (± 0.1) 
o 0.287 0.291 0.2925 0.286 (± 0.002) 1.9 (± 0.4) 
OH 0.067 0.080 0.0765 0.080 (± 0.002) 1.4 (± 0.3) 

The x and z coordinates for the three atoms listed are re
quired by symmetry to be 0.25 and 0.00, respectively. 

1 Although reported with four significant digits with no esti
mates of reliability, the substantial anisotropy of the thermal 
ellipsoids raises doubt as to the accuracy and precision of 
these data. 

RY = Reichertz and Yost (1946), MM = Milligan and McAtee 
(1956), BJ = Bezjak and Jelenic (1964). 

ment was I wlkFo2 - Fc212, where w is the weighting 
factor which was set at unity for all reflections, k is a 
scale factor, and Fo and Fe are the observed and cal
culated structure factors, respectively. Standard devia
tions in the refined parameters were estimated from the 
diagonal terms of the inverted matrix from the final 
least-squares cycle. 

DISCUSSION OF RESULTS 

The (hkl) and calculated d-values shown in Table 1 
are based on the refined cell dimensions determined in 
this study (Table 2). Cell dimensions reported in the 
earlier investigations are also shown in Table 2. The cell 
dimensions given in the 1.S.P.D. Data File and those 
of Bezjak and lelenic (1964) are identical. The largest 
difference noted is the b-dimension; our value is about 
0.01 A smaller than those previously reported. 

Observed and calculated structure factors are tabu
lated in Table 1 for those reflections that were used in 
the crystal structure refinement in the space group 

Table 4. Calculated d-values based on refined cell dimen
sions and calculated intensities based on Ic(020) = 1000 of 
boehmite for weak reflections not recorded experimentally. 

hkl 

040 
011 
111 
060 
160 
240 
211 
071 
042 
062 
191 
340 
311 
162 
242 
360 
291 
182 

1,11,1 
380 
013 
440 
411 

0,14,0 
1,14,0 

362 
213 
460 
073 
382 

3,11,1 
2,14,0 

471 
0,15,1 

3.054 
2.792 
2.227 
2.036 
1.783 
1.580 
1.540 
1.491 
1.298 
1.172 
1.164 
1.142 
1.127 
1.117 
1.062 
1.054 
1.022 
1.006 
0.9970 
0.9585 
0.9531 
0.8840 
0.8768 
0.8724 
0.8491 
0.8491 
0.8470 
0.8410 
0.8384 
0.7969 
0.7925 
0.7889 
0.7851 
0.7833 

0.1 
0.1 
1.0 
1.3 
1.8 
0.1 
0.8 
1.6 
0.1 
1.6 
1.5 
1.6 
3.4 
1.8 
0.1 
0.8 
0.9 
1.0 
0.1 
0.4 
0.2 
0.0 
0.3 
0.4 
0.1 
1.4 
0.3 
1.0 
0.2 
1.0 
0.2 
1.3 
0.6 
0.0 
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Table 5. Interatomic distances of boehmite in Angstrom 
units. 

RY MM BJ This study 

Cation-anion distance: 
Al-O 2.06 1.99 1.898 1.91 (± 0.02) 
AI-O 1.94 1.88 1.876 1.88 (± 0.01) 
AI-OH 1.88 1.87 1.940 1.91 (± 0.01) 

Shared edge: 
0-0 2.51 2.54 2.561 2.51 (± 0.01) 
O-OH 2.69 2.58 2.655 2.52 (± 0.02) 

Unshared edge: 
0-0 2.86 2.86 2.868 2.87 (± 0.00) 
O-OH 2.94 2.82 2.844 2.86 (± 0.01) 

Interlayer: 
O-H ... O 2.47 2.70 2.630 2.71 (± 0.01) 

RY = Reichertz and Yost (1946). MM = Milligan and McAtee 
(1956). BJ = Bezjak and Jelenic (1964). 

Amam. Our atomic coordinates and those of the earlier 
investigations are set forth in Table 3. 

A list of permissible reflections in space group Amam 
either unobserved or overlapped by more intense re
flections is given in Table 4. Most of these reflections 
have a computed intensity of about 11 1000 of that of the 
most intense reflection (020). The most intense ofthese 
weak reflections is the (311) reflection which occurs at 
about 86°29; it is overlapped by the (202) reflection, but 
is barely discernible on the experimental pattern, Fig
ure I (lower trace). Owing to geometrical limitations in 
the experimental apparatus we were unable to record 
reflections above 159°29. Two Bragg maxima are ex
pected at angles> 159°29 for Cu radiation, and our data 
predict that one of these , the (402) reflection, should be 
intense enough to be observed, while the (093) reflec
tion should be too weak to be observed . 

The final R was 0.047 after 3 cycles in the least
squares refinement for the structure in space group 
Amam in which no allowance was made for hydrogen 
atoms. Inclusion of hydrogen atoms and/or refinement 
in the space group A2 1am invariably led to a higher val
ue of R. Holm et al. (1958) indicated that the O-H 
. . . 0 bond in boehmite was asymmetric on the basis 
of their NMR analysis. They suggested that a reinter
pretation on the basis of the acentric space group 
A2 1am was in order. However, they noted that if " the 
structure was disordered in such a way that the polarity 
of each infinite O-H ... 0 chain bears no relation to 
the polarity of neighboring chains, .. . the effective 
space group could be centric." Our findings do not in
dicate an acentric space group. 

Pertinent atomic distances computed from our co
ordinates and distances computed from coordinates 
found in previous studies are given in Table 5. Our AI
O(OH) distances are more consistent (1.88-1.91 A) 
than those of any previous study. The lengths of the 
shared octahedral edges are 2.51-2.52 A, while those 
of the unshared edges are 2.86-2.87 A, both in excellent 
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Figure 2. Detail of Figure 1 between 61 ° and 73°2(J and be
tween 111 ° and I 23°2(J . 

agreement with comparable dimensions in similar 
structures , i.e. , layered silicates. The O-H .. . 0 dis
tance between neighboring octahedral sheets is 2.71 A, 
significantly larger than the 2.47 A originally reported 
by Reichertz and Yost (1946) and larger than the 2.63 
A indicated by Bezjak and Jelenic (1964) , but virtually 
the same as that given by Milligan and McAtee (1956). 

The degree to which the boehmite structure is known 
as determined in the present study is portrayed in Fig
ure I where the entire experimental pattern and a com
puted pattern are shown together. The details of the 
program that generated the computed pattern will be 
published separately . Briefly , the calculated intensities 
based on the refined atomic coordinates were appor
tioned for each (hkl) value into a 2: I ratio at the com
puted 29 values for the wavelengths of Cu Kal and eu 
Ka2' Intensities were calculated by means of the rela
tionship Ie = pi F 12L, where p is the multiplicity factor, 
F is the structure factor, and L is the powder Lorentz
polarization factor. Each intensity value was distrib
uted by means of a Cauchy function , whose form is 
[I + c" '1l(29)2) - I , centered at the appropriate positions 
of Kat and Ka2 for each (hkl), and computed to a min
imum angular distance of 10°20 on either side of the 
peak maximum. The constant , cc, in the Cauchy func
tion was determined empirically by estimating it from 
two of the reflections observed on the experimental 
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pattern, All peaks were further modified by an arbitrary 
broadening function whose form was V cos 8. The ver
tical scale of the computed pattern was chosen to ap
proximate that of the experimental pattern. A portion 
of Figure 1 is enlarged in Figure 2 to enable the reader 
to judge better the level of agreement between the two 
traces. 

ydes et Hydroxydes d'Aluminum, M. Karsulin, ed., Proc. 
1st Int. Symp., Zagreb, Yugoslavia, vol. 2,105-111. 

Christensen, H. and Christensen, A. N. (1978) Hydrogen 
bonds of y-FeOOH: Acta Chern. Scand. A32, 87-88. 

DuChamp, D. J. (1964) User's guide to the CRYRM crystal
lographic computing system: California Institute of Tech
nology, Gates. and Crellin Laboratories of Chemistry, 
193 pp. 

Ewing, F. J. (1935) The crystal structure oflepidocrocite: J. 
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Pe:noMe-KpHCHIJIJIH'IeCKaIi CTpYKTypa oopa3Qa CHHTeTH'IeCKOro 6eMHTa 6bIJIa pa<pHHHpoBaHa 110 R 
paOHOM 0,047 B npocTpaHcTBeHHoH rpynne Amam no lIaHHbIM nopOWKOBoro MeTOlla peHTreHO
CTpyKTyplloro allaJIH3a. IIPH BKJII0'leIlHH BOIlOpoilHbIX aTOMOB HiMH pa<pHHHpooallHH B npOCTpaHCTBell-
1I0H rpynne A21 am 6bIJIH nOJIyqelll:,I XYIlWHe pe3YJIbTaTbI. EblJlH onpelleJIeHbI cJIellYIOIQHe pa3MepbI 
}J'IeHKH: a = 3,6936 (± 0,0003), b = 12,214 (± 0,001), C '" 2,8679 (± 0,0003) A. Bce paCCTO}JHH}J AI-O(OH) 
JIe)J(aT B rrpelleJIaX OT 1,88 110 1,91 A. JJ:JIHHa 06IQHX oKTa~IIPH'leCKHX pe6ep 2,50-2,52 A, AJIHlla lIeo6-
IQHX peoep 2,86-2,87 A, B rrpeKpaCIlOM COOTBeTCTBHH c AJIHHaMH pe6ep CJIOHHbIX CHJIHKaTOB. PaCCTO}JHHe 
O-H ... 0 Me)J(l\y CMe)J(HbIMH UJIaCTHHaM}! 2,71 A. BbI'IHCJIeHHa}J peHTrellOBCKaB MOlleJIb XOPOWO 
corJIacyeTC}J C ~KcnepHMeHTaJIbHOH MOlleJIblO, 'ITO YKa3bIBaeT 110 KaKOH CTeneHH onpelleJIeHa KPHCTaJI
JIH'IeCKa}J CTpyKTypa. 

Resiimee-Durch Rontgenpulverdiagramme wurde die Kristallstruktur eines synthetischen Boehmiten 
verfeinert bis zu R 0,047, in der Raumgruppe Amam. EinschluB von Wasserstoffatomen undloder 
Verfeinern in der Raumgruppe A21 am ergab nicht so gute Resultate. Zelldimensionen wurden be
stimmt: a = 3,6936 (± 0,0003), b = 12,214 (± 0,001), und C = 2,8679 (± 0,0003) A. Aile AI-O(OH) 
Abstande sind zwischen 1,88 und 1,91 A. Gemeinsame Kanten sind 2,50-2,52 A und nicht geteilte 
Kanten sind 2,86-2,87 A, was gut mit den Werten von Schichtsilikaten iibereinstimmt. Der O-H ... 0 
Abstand zwischen benachbarten oktahedrischen Platten ist 2,71 A. Errechnete rontgen muster stimmen 
mit den experimentellen Daten iiberein, was auf das AusmaB hindeutet, zu dem die Kristallstruktur 
bestimmt wurde. 

Resume-La structure cristalline d'un echantillon d'une boehmite synthetique a ete rafinee a un R de 0.047 
dans Ie groupe d'espace Amam de donnees de diffraction aux rayons-X. L'inclusion d'atomes d'hyd
rogene et/ou Ie raffinement dans Ie groupe d'espace A21 am a donne de moins bons resultats. Les 
dimensions de maille ont ete determinees: a = 3.6936 (± 0.0003), b = 12.214 (± 0.001), et C = 2.8679 
(± 0.0003) A. Toutes les distances AI-O(OH) se trouvent entre 1.88 et 1.91 A. Les bords octaedriques 
communs sont 2.50-2.52 A, et les bords octaedriques non-communs sont 2.86-2.87 A, en excellent accord 
avec ceux des silicates interstratifies. La distance O-H ... 0 entre des couches octaedriques contigues 
est 2.71 A. Le cliche de rayon-X calcule est tres proche du cliche experimental, indiquant Ie degre auquel 
la structure cristalline a ete determinee. 
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