Table 1.
Summaries of bond lengths R (A) and bond angles A (deg.), and ranges of
vibrational frequencies (cm-1), together with normal mode symmetries and the

number of vibrations in each group, for the AIO(OH) + 2 H20 system:

AIO(OH)
C.  R(AI=O0): 1.611 R(O-H): 0.955 A(O=A1-0): 177.9
(M)  R(Al-O): 1.677 A(AI-O-H): 139.2
A+ A7 (4+1 vib.): 225-1172 A’ (1 vib.): 3980
C.  R(AI=0): 1.601 R(O-H): 0.956 A(O=A1-0): 177.4
L)  R(Al-0): 1.671 A(Al-O-H): 135.3
A+ A7 (4+1 vib.): 218-1170 A’ (1 vib.): 3965
C.  R(AI=0): 1.601 R(O-H): 0.955 A(0=A1-0): 177.2
(XL) R(AL-0): 1.672 A(AI-O-H): 134.0

A+ A” (4+1 vib.): 207-1168 A’ (1 vib.): 3958

Min. M 80 b.f. E =-393.590173134 ZPE =0.015479
Min. L 97 b.f. E =-393.602188527 ZPE =0.015469
Min. XL 142 b.f. E =-393.607281861 ZPE =0.015448

AIO(OH)-H20
Cs R(A1=0): 1.622 A(Al-O-H): 126.7 A(O=Al-0): 159.9
M)  R(Al-O): 1.717 A(Al-O-H): 117.2-129.0 A(O=Al--0): 108.2
R(AL-0): 1.944 A(H-O-H): 112.9 A(O-A1-0): 92.7

R(O-H): 0.957-0.966
A+ A” (8+4 vib.): 110-1576 A’ (3 vib.): 3771-3946

C:  R(AI=0): 1.611 A(Al-O—H): 125.9 A(0=A1-0): 158.0
(L)  R(AI-0): 1.704 A(AL-O-H): 113.0-130.0 A(O=Al--0): 106.2
R(AL--0): 1.925 A(H-O-H): 112.6 A(O-AL-0): 95.0

R(O-H): 0.957-0.967
A (12 vib.): 94-1573 A (3 vib.): 3756-3944



C:  R(AI=0): 1.612 A(Al-O-H): 125.3 A(0=A1-0): 158.2

(XL) R(AL-0): 1.702 A(Al--O—H): 106.0-128.6 A(O=Al--0): 104.7
R(Al--0): 1.931 A(H-O-H): 111.8 A(O-Al-0): 97.3
R(O-H): 0.956-0.969

A (12 vib.): 80-1560 A (3 vib.): 3720-3936

Min. M 114 b f. E =-470.090643990 ZPE = 0.041569
Min. L 131 b.f. E =-470.104241123 ZPE =0.041482
Min. XL 215b.f. E =-470.113694172 ZPE = 0.041569

Al(OH)3

Csn  R(Al-0): 1.706 A(O-Al-0): 120.0
M)  R(O-H): 0.958 A(Al-O-H): 125.2

A'+ A"+ E + E” (2+2+3+1 vib.): 218-924 A’ + E (1+1 vib.): 3939-3941
Csn  R(A1-0): 1.693 A(O-Al-0): 120.0
(L) R(O-H): 0.958 A(Al-O-H): 124.6

A+ A"+ E + E” (2+2+3+1 vib.): 224-931 A’ + E (1+1 vib.): 3939-3941
Csn  R(Al-0): 1.694 A(O-Al-0): 120.0
(XL) R(O-H): 0.956 A(Al-O-H): 124.5

A'+A” + E + E” (2+2+3+1 vib.): 227-931 A+ E (1+1 vib.): 3936-3947

Min. M 114 b.f. E =-470.186162515 ZPE =0.041138
Min. L 131 b.f. E =-470.203121938 ZPE =0.041160
Min. XL 215b.f. E =-470.214648710 ZPE =0.041168

AIO(OH)2 H20

C:  R(AI=0): 1.621 A(AI-O-H): 120.6 A(O=A1-0): 149.1
M)  R(Al-O): 1.755 A(AI-O--H): 114.9 A(0=Al-0): 118.8
R(AL-0): 1.896 A(AL-O-H): 120.4-122.8 A(O-Al--0): 92.1

R(O-H): 0.960-1.010 A(H-O-H): 107.8-115.4 A(O-H-0): 145.7-153.7
R(O--H): 1.596-1.819 A(H-O--H): 92.8-124.7
A (17 vib.): 54-1100 A (3 vib.): 1605-2984 A (4 vib.): 3469-3910
Min.M  148b.f. E=-546.577171067 ZPE = 0.067889



Al(OH)3-H20
Ci R(Al-0O): 1.699-1.726 A(Al-O-H): 116.7-124.2 A(O—Al-0): 117.2-124.8

(1-M) R(O-H): 0.957-0.973 A(Al-O--H): 103.3 A(O-H--0): 140.0-146.4
R(O--H): 1.951-2.113 A(H-O-H): 106.6 A(H-O--H): 96.0-134.4
A (18 vib.): 53-961 A (1 vib.): 1628 A (5 vib.): 3658-3944
C:  R(Al-0): 1.687-1.713 A(Al-O-H): 116.6-125.2 A(O—Al-O): 117.4-124.5
(1-L) R(O-H): 0.958-0.972 A(Al-O--H): 103.0 A(O-H--0): 141.0-146.5
R(O--H): 1.974-2.107 A(H-O-H): 106.5 A(H-O--H): 95.0-133.8
A (18 vib.): 53-966 A (1 vib.): 1626 A (5 vib.): 3669-3942
C:  R(AI-0): 1.726-1.743 A(Al-O-H): 123.0-128.4 A(O—Al-O): 114.3-120.6
(2-M) R(AL-0): 1.988 A(Al--O-H): 105.0-107.9 A(O—-Al--0): 87.5-112.3
R(O-H): 0.955-0.970 A(H-O-H): 108.4
A (18 vib.): 107-866 A (1 vib.): 1620 A (5 vib.): 3738-3968
C:  R(A-0): 1.713-1.730 A(Al-O-H): 122.6-128.5 A(O—Al-O): 114.0-120.5
2-L) R(Al-0): 1.973 A(Al--O-H): 105.7-107.5 A(O—Al--O): 88.2-111.6
R(O-H): 0.956-0.970 A(H-O-H): 108.4
A (18 vib.): 108-871 A (1 vib.): 1616 A (5 vib.): 37403964

Min. 1-M 148 b.f. E =-546.658301057 ZPE =0.066391
Min. 2-M 148 b.f. E =-546.676546070 ZPE = 0.066521
Min. 1-L. 165 b.f. E =-546.674605541 ZPE = 0.066306
Min. 2-I. 165 b.f. E =-546.693330224 ZPE = 0.066493

AI(OH)3-2 H20
C:  R(Al-0): 1.761-1.766 A(Al-O-H): 121.4-123.4 A(O-Al-0): 117.3-124.4
(1-M) R(AL-0): 2.093-2.097 A(Al-O--H): 76.8-77.6  A(O—Al--O): 80.3-98.8
R(O-H): 0.956-0.974 A(Al--O-H): 95.2-109.8 A(O--Al--O): 175.8
R(O--H): 2.039-2.120 A(H-O-H): 107.5-108.2 A(H-O--H): 157.0-158.4
A(O-H--0): 103.5-106.8
A (24 vib.): 106-849 A (2 vib.): 1608-1634 A (7 vib.): 3679-3951



C:  R(A-0): 1.728-1.776 A(Al-O-H): 121.7-125.6 A(O—Al-O): 114.5-119.0
2-M) R(Al-O): 1.933 A(Al-O--H): 113.9 A(O-Al-0): 94.0-113.6
R(O-H): 0.956-1.006 A(Al--O-H): 109.6-113.9 A(H-O--H): 90.2-124.3
R(O--H): 1.630-1.730 A(H-O-H): 107.4-109.8 A(O-H-0): 150.0-157.6
A (24 vib.): 46-1084 A (2 vib.): 1630-1693 A (7 vib.): 3048-3952

Min. 1-M 182 b.f. E =-623.153107181 ZPE =0.092523
Min. 2-M 182 b.f. E =-623.162977429 ZPE = 0.092332

Al(OH)3-3 H20

C: (1I-M) R(Al-O): 1.752-1.802 R(AL-0): 2.014-2.150
C: (2-M) R(Al-O): 1.732-1.777 R(AL--0): 1.909
C: (3-M) R(AI-O): 1.727-1.766 R(AL-0): 1.914
C: (4-M) R(Al-O): 1.728-1.773 R(AL-0): 1.898

Min. 1-M 216 b.f. E=-699.637331711 ZPE =0.118782
Min. 2-M 216 b.f. E =-699.642429553 ZPE =0.116989
Min. 3-M 216 b.f. E =-699.643829846 ZPE =0.117876
Min. 4-M 216 b.f. E =-699.647314357 ZPE =0.118260

AI(OH)3-4 H20

C: (1I-M) R(AI-O): 1.766-1.799 R(AL--0): 1.966-2.196
C: (2-M) R(AI-O): 1.770-1.829 R(AL-0): 1.935-2.112
C: (3-M) R(Al-O): 1.771-1.785 R(AL-0): 2.035-2.062
C: (4-M) R(AI-O): 1.754-1.768 R(AL--0): 1.893
C: (5-M) R(AI-O): 1.732-1.769 R(AL--0): 1.876

Min. 1-M 250 b.f. E=-776.120468721 ZPE =0.144749
Min. 2-M 250 b.f. E=-776.118149665 ZPE =0.144772
Min. 3-M 250 b.f. E=-776.121904919 ZPE = 0.144407
Min. 4-M 250 b.f. E=-776.123133493 ZPE =0.144163
Min. 5-M 250 b.f. E=-776.125739153 ZPE =0.142411



C1
C1
C1
C1
C1

Min.
Min.
Min.
Min.
Min.

C1
C1
C1
C1
C1
C1

Min.
Min.
Min.
Min.
Min.
Min.

(1-M)
(2-M)
(3-M)
(4-M)
(5-M)

Al(OH)3'5 H20

R(AI-O): 1.789-1.843
R(AI-0): 1.765-1.831
R(AI-O): 1.784—1.792
R(AI-O): 1.763-1.823
R(AI-0): 1.764-1.767

R(Al--O): 1.939-2.037
R(Al--O): 1.994-2.086
R(Al-0O): 1.976-2.113

R(AL-0): 1.844

1-M
2-M
3-M
4-M
5-M

284 b.f.
284 b.f.
284 b.f.
284 b.f.
284 b.f.

E =-852.598067278
E =-852.600020003
E =-852.602177580
E =-852.600434619
E =-852.606911834

ZPE =0.170318
ZPE =0.171050
ZPE =0.170068
ZPE =0.167147
ZPE = 0.168756

Al(OH)3-6 H20

(1-M)
(2-M)
(3-M)
(4-M)
(6-M)
(6-M)

R(AI-0): 1.824-1.881
R(AI-0): 1.831-1.834
R(AI-O): 1.826-1.852
R(AI-0): 1.752-1.848
R(AI-0): 1.757—-1.829
R(AI-0): 1.766-1.839

R(Al--0O): 1.976-2.107
R(Al--O): 2.068-2.077
R(Al--O): 2.026-2.122

1-M
2-M
3-M
4-M
5-M
6-M

318 b.f.
318 b.f.
318 b.f.
318 b.f.
318 b.f.
318 b.f.

=-929.060247467
=-929.066304583
=-929.068618501
=-929.078335810
=-929.077051556
=-929.085641007

ZPE = 0.196325
ZPE = 0.196050
ZPE = 0.196277
ZPE = 0.194097
ZPE = 0.192450
ZPE = 0.193892




Table 2.
Summaries of bond lengths R (A) and bond angles A (deg.), and ranges of
vibrational frequencies (cm-1), together with normal mode symmetries and the

number of vibrations in each group, for the AloO3 + H20 systems:

AlOsAl
Dsn  R(Al-0): 1.818 R(0-0): 2.590 A(Al-O-Al): 69.3
(M)  R(Al-Al): 2.068 A(O-Al-0): 90.8
A+ A + E + E” (2414241 vib.): 327-783
Dsn  R(Al-O): 1.797 R(0-0): 2.560 A(Al-O-Al): 69.3
(L) R(AI-Al): 2.043 A(O-Al-0): 90.9
A7+ A + E + E” (2+41+2+1 vib.): 344-798
Dsn  R(Al-O): 1.797 R(0-0): 2.560 A(Al-O-Al): 69.3
(XL) R(Al-Al): 2.043 A(O-Al-0): 90.9

A+ A + E + E” (2+4142+1 vib.): 345-797

Min. M 126 b.f. E =-710.652815913 ZPE =0.010784
Min. L 160 b.f. E =-710.683449315 ZPE =0.011184
Min. XL 211 b.f. E =-710.690846898 ZPE =0.011166

OAIOAIO

D.n  R(Al=0): 1.610 A(Al-O-Al): 180.0
(M)  R(Al-O): 1.687 A(O=A1-0): 180.0

Sggmu + pign (1+3 vib.): 73—421 sggm (3 vib.): 929-1234
D.n  R(Al=0): 1.599 A(Al-O-Al): 180.0
(L)  R(Al-0): 1.678 A(O=A1-0): 180.0

Sggm + Pign (1+3 vib.): 60—422 sggm (3 vib.): 932—-1230
D.n  R(Al=0): 1.599 A(Al-O-Al): 180.0
(XL) R(Al-0): 1.676 A(O=A1-0): 180.0

S8 T Plgn (1+3 vib.): 58-421 Sgqu (3 vib.): 931-1228

Min. M 126 b.f. E=-710.733215140 ZPE =0.011144
Min. L 160 b.f. E =-710.754933076 ZPE =0.010897
Min. XL 211 b.f. E =-710.759372940 ZPE =0.010760

OAIOAI(OH):2
Cae  R(AI=0): 1.612 R(O-H): 0.956 A(Al-O-Al): 180.0
(1-M) R(Al-O): 1.673-1.714 A(Al-O-H): 127.5  A(O=A1-0): 180.0



A(O-A1-0): 117.0-121.5
A1+ As + By + By (6+1+4+5vib.): 551210 A1 + By (1+1 vib.): 3956-3957

Cs R(AI=0): 1.612 R(O—H): 0.957-0.958 A(Al-O—Al): 172.8
2-M) R(Al-0): 1.673-1.707 A(Al-O—H): A(O=Al-0): 178.4
125.4-128.0 A(O-Al-0): 117.0-122.4

A+ A” (1145 vib.): 48-1213 A’ (2 vib.): 3941-3949

Min. 1-M 160 b.f. E =-787.328788860 ZPE =0.035315
Min. 2-M 160 b.f. E =-787.330940700 ZPE =0.035479

(HO)AIO2AI(OH)
Csy  R(Al-0): 1.691-1.756 A(Al-O-H): 128.9  A(Al-O-Al): 86.9-87.2
(1-M) R(O-H): 0.960 A(O-Al-0): 93.0-135.1
A1 + Az + B1 + Bg (6+2+3+5 vib.): 95-1002 A1 + B2 (1+1 vib.): 3957-3958
Can R(Al-0): 1.691-1.755 A(Al-O-H): 128.7  A(Al-O-Al): 87.0
(2-M) R(O-H): 0.957 A(O-A1-0): 93.0-131.8
Ag + Ay + By + By (6+3+2+5 vib.): 95-1001 Ag + By (1+1 vib.): 3957

Min. 1-M 160 b.f. E =-787.393323062 ZPE =0.036232
Min. 2-M 160 b.f. E =-787.393438626 ZPE = 0.036222

(HO)AIO(OH)2AI(OH)
Cay R(Al-0): 1.696-1.747 A(Al-O-H): 130.4  A(Al-O-Al): 84.4
M)  R(Al-0): 1.924 A(Al--O-H): 129.3  A(Al--O--Al): 75.5
R(O-H): 0.955-0.961 A(O--Al--0O): 82.2 A(O-Al-0): 143.2
A(O-Al-0): 85.5-121.0
A1+ As + By + By (8+4+5+6 vib.): 93-991
A1 + B1 + By (2+1+1 vib.): 3874-3973
Min. M 194 b.f. E =-863.912773482 ZPE = 0.060727
(HO)2AIOAI(OH)2
D2a R(AlI-0): 1.698-1.701 A(Al-O-H): 125.4  A(Al-O-Al): 180.0
(1-M) R(O-H): 0.957 A(O-Al-0): 115.2-122.4
A1+ Ao+ B+ Bs + E (4+1+2+4+6 vib.): 9-1099
A1 + Bz + E (1+1+1 vib.): 3953-3954
Ce R(Al-0): 1.689-1.710 A(Al-O-H): A(Al-O-Al): 179.8
(2-M) R(O-H): 0.958 123.6-125.1 A(O-A1-0): 117.9-123.5



A+ B (12+11 vib.): 8-1122 A + B (2+2 vib.): 3936-3938

Min. 1-M 194 b.f. E =-863.918790928 ZPE = 0.059646
Min. 2-M 194 b.f. E =-863.922979878 ZPE = 0.060241

(HO)2AIO0AI(OH)2H20

C:  R(AL-O): 1.681-1.742 A(Al-O-H): A(Al-O-Al): 173.2
M)  R(AL-O): 1.985 122.9-126.6 A(0-Al-0): 116.4-123.7
R(O-H): 0.956-0.969 A(Al--O-H): A(O-Al--0): 89.0-112.2
105.3-105.5 A(H-O-H): 108.4

A (30 vib.): 13-1620 A (6 vib.): 3732-3962
Min. M 228b.f. E=-940.414277467 ZPE =0.085641
(HO)2AI(OH)2AI(OH)2

Can  R(ALI-0): 1.720 AAI-O-H): 127.7  A(Al--O--Al): 98.9

M)  R(AL-0): 1.860 A(Al-O-H): 121.8  A(O-Al-0): 123.3

R(O-H): 0.956-0.961 A(O--Al-0):81.0  A(O-Al-O): 1185
Charge: Al: +1.044 0: -0.575 —0.659 H,: +0.270-0.309

Agiu + Bgu (15+15 vib.): 68-942 A, + Bgu (3+3 vib.): 3897-3963
Min. M 228b.f. E=-940.458197945 ZPE = 0.085289
(HO)2AI(OH)2AI(OH)2[H20

C;  R(AL-O): 1.714-1.732 A(Al-O-H): A(AL-O--Al): 130.5
(M)  R(AL-O): 1.813-1.877 125.2-128.0 A(O-AL-0): 120.7-122.6
R(O-H): 0.955-0.965 A(Al-O-H): A(O-Al-0): 97.3-119.0
R(O--H): 1.082-1.370 110.3-116.9 A(O--Al-0): 95.9-96.4
A(AL-O--H): A(H-O-H): 112.0-115.2
110.9-113.0 A(O--H-0): 164.9

A (38 vib.): 38-1946 A (7 vib.): 3831-3966
Min. M 262b.f E=-1016.93741443 ZPE = 0.109033







