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Supplementary Materials

Table 1s. Geometries of dissociation species” standard entropy”, dipole moment,” harmonic

vibrational frequenciesd) ® in cm’ (unscaled) and IR intensities in km mol” in parentheses.
B3LYP/pVDZ level of theory.

ER, R(ER), RER S%s) u D o1 w, w3 04
A Jmol ' K!

HCI 1.290 1867 131 2959 (25)
Exp. 1.275 1869  1.08 : PRIVILEGED DOCUMENT
GaN!s* 1716 2233 380 804 (2) RECD
GaN’IT  1.860 2347 227 608 (12) AUG 28 2001
Exp. 6.0 INORG CHEM
NH’S  1.051 1812 156 3227 (32)
Exp. 1.036 181.2
NH, 1.037 1012 1949 190 1532(12) 3324(11) 3407 (9)
Exp. 1.024 1033 1950 1497 3219 3301
NH, 1.023 105.1 1925 176 1065(118) 1657 (9) 3442 (0.3) 3559 (0)
Exp. 1.012 1067 19245 147 950 1627 3337 3444
GaCl 2.233 2398 206  372(77)
Exp. 2.202 2403

GaCl, 2,193  119.2 303.2 1.67 114 (4) 354 (18) 408 (77)
GaCls 2.138  120.0 325.8 0 127 (7) 135(12) 367(0) 464 (77)
Exp. - 2101 1200 325.1 0 128 145 382 450

a) Experimental structural data are taken from: Hargittai, M. Chem. Rev. 2000, 100, 2233;
Handbook of Chemistry and Physics, 75" ed. : Lide, D.R., Ed.; CRC Press: Boca Raton, FL, 1995.
b) Experimental thermochemical data are taken from: Wagman, D.D; Evans, W.H.; Parker, V.B.;
Shumm, R.H.; Halow, I.; Balley, S\M.; Churney, K.L.; Nuttall, R.L. The NBS Tables of
Thermodynamic Properties, J. Phys.Chem.Ref.Data, 1982,11,Suppl. 2.

c) Experimental dipole moments are taken from: Handbook of Chemistry and Physics, 75" ed.
Lide, D.R., Ed.; CRC Press: Boca Raton, FL, 1995.

d) Experimental vibrational frequencies are taken from: Nakamoto, K. Infrared and Raman Spectra
of Inorganic and Coordination Compounds, 4™ ed.; Wiley: New York, 1986. Calculated, and
observed vibrational frequencies are related through the equation Vops = 0.9461caicq + 22.1 cm'l(ref.
13).
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Table 2s. Harmonic vibrational frequencies @, cm’ and IR intensities I, km mol ! of investigated

compounds. B3LYP/pVDZ level of theory, unscaled.

N -1 -1 -1 -1 -1
, cm’! Lkmmol™ o, cm I, km mol o, cm I, km mol

GaCl 3719  77.0
GaCl, 1140 42 354.1 18.3 4082 76.9
GaCl, 1269 72 1269 72 1354 124
367.4 0.0 4639 77.3 4639 71.3
Cl3GaNH; 1043 0.0 1105 7.7 1105 7.7
131.0 0.7 131.0 07 150.8 26.3
356.5 10.1 380.1 7.2 4238 63.9
4238 639 646.6 54.6 646.6 54.6
1201.7 2113 1609.9 22.8 1609.9 22.8
34412 252 3568.1 59.3 3568.1 59.3
[Cl:GaNH3], 347 09 48.1 0.0 513 .62
525 43 562 5.4 63.0 0.0
1188 00 1347 16.7 136.1 0.8
147.4 405 1520 04 156.3 0.0
1628 597 1634 52 182.7 19.2
1837 0.0 200.5 0.2 202.6 0.1
3747 0.1 377.0 26.9 4144 0.6
4233  148.1 4353 33.0 436.6 0.0
4475  186.1 4485 0.6 769.4 147.6
7727 413 7739 113.7 7827 2.9
14255 0.0 14257 378.5 1747.8 0.0
1750.6 52.1 1763.5 0.0 1765.8 185.4
36338 0.5 3636.7 2228 37339 0.9
37356 189.8 37776 0.5 3777.7 2884
Cl,GaNH, 88.5 1354 1268 7.1 146.7 3.4
189.9  46.6 373.0 0.0 3929 14.8

4504  69.1 7309 764 738.7 61.3
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1496.7 23.4 35852 45.9 3697.6 48.7

[CL.GaNH,], 300 38 581 00 752 0.0
919 00 1188 19.7 119.8 19.8

1321 00 1623 0.0 191.9 0.1

2199 00 3784 493 402.1 0.0
4198 00 4355 0.0 4368 103.0

4624 1021 5062 56.3 5735 0.0

5758 00 6682 137.0 8133 0.0

8510 0.0 8768 0.0 894.8 3255

15344 967 15467 0.0 3486.0 83.7

34868 0.0 3564.4 0.0 . 35645 86.5

[Cl.GaNH, 15 117 20 331 25 421 08
625 02 73.6 24 82.1 2.5

847 00 947 45 98.1 2.5

1109 155 1220 269 1252 3.6

1356 23 1425 112 155.7 2.0

1641 0.5 167.1 0.5 1986 0.1

3764 458 3806 60.1 3905 6.4

4283 133 432.1 458 4323 85.6

4578 166 4654 63 4714 342

5420 9.7 5540 80.8 5623 98.1
5837 375 604.4 462 6409 163.8

9290 18 956.0 7.6 977.6 3.6
9937  67.1 10013 307.1 1029.2 187.9

15384 54.6 1550.8 34.6 1560.1 39.3

34362 32.0 34550 51.5 3456.1 26.2

3513.5 57.0 3523.8 20.0 3524.2 61.4

NH*CLGaNH, 1067 77 1208 15 1268 8.7
1274 09 1373 5.0 1767 27.8

1912 109 355.7 142 3747 6.4

404.1 684 5599 179.7 626.3 54.0 -
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6273 3038 6683 40.5 8182 42.8
11739 2185 15440 205 1611.6 20.5
16133 220 3446.5 18.0 3516.7 9.3
3576.8 54.2 3578.4 51.3 3602.4 10.9
GayClsNH, Cay 199 15 595 16 866 04
(bridging NH,) 1011 3.1 1104 3.1 1125 52
1339 134 1402 7.8 1753 3.8
183.1 1.8 1951 2.8 2174 62.6
3121 321 3893 58.5 4120 317
4438 590 4803 1889 491.1 500
5146 170 6259 53.1 696.4 47.4
k 802.1 418 8902 0.9 929.1 182.9
15364 379 15425 26.8 3471.8 403
35350 24.8 3550.6 45.4 3626.8 24.2
NH,*Cl,GaNH,*GaCl; 212 06 363 12 393 44
69.5 00 736 7.8 814 0.1
103.5 159 1198 2.2 121.1 113
1297 15 1434 3.5 1497 37.2
1602 0.1 1913 09 3422 122
3518 17.1 3802 152 4141 659
4180 527 4385 509 4418 398
560.7  39.8 601.7 23.0 6229 82.4
6399 1038 9376 3.2 941.6 211.0
12150 2147 15342 29.7 1609.4 20.5
1623.1 19.3 34380 27.0 3455.0 26.4
35400 362 35547 58.4 3566.0 45.6
ClsGaNHs*HCI*CLGaNHz 545 g6 330 27 404 04
415 73 535 1.0 564 0.9
774 09 82.1 0.6 1047 7.2
1215 277 1297 25 1314 60
1371 502 1574 7.1 164.5 9.1
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1739  25.1 175.7 1925 83
2650 1035 3464 7.8 3742 226
3969 647 416.7 315 426.6 88.4
4329 305 4432 556 4703 53.1
533.6 534 713.1 379 7232 77.0
7410 439 770.6 66.5 1294.1 125.2
15073 11.8 1607.0 22.2 1621.7 73.5
2588.1 882.1 33719 236.1 3473.0 94.6
3542.9  98.0 3547.9 150.7 3670.4 102.9
ClGaNH, ‘A’ 1363 16.9 2195 25.6 4173 303
7678  87.1 865.1 20.0 3472.8 17.3
ClGaNH, >A” 1252 549 1392 2.0 371.6 4838
4600 17.1 752.7 99.4 3360.2 2.9
[CIGaNH], 487 04 874 59 1186 00
1215 0.0 2125 0.0 227.0 84.0
2375 0.0 414.1 619 469.7 0.0
4939  114.8 556.6 0.0 647.3 2223
6983  130.9 795.1 0.0 8957 0.0
968.4 121.8 3670.2 92.8 3670.7 0.0
[CIGaNH]; 438 1.1 659 00 659 0.0
841 5.1 84.1 5.1 1180 0.0
1542 22 1542 22 1642 0.0
1642 00 2134 00 232.7 619
4149 1146 4149 1146 4448 00
469.6 0.0 469.6 0.0 527.6 189.1
600.2 41.4 6002 41.4 601.4 0.0
768.6 0.0 802.5 235.5 802.5 235.5
110410 0.0 1081.9 1787 1081.9 178.7
3596.4 0.0 3596.9 65.4 3596.9 65.4
[C1GaNH], 577 0.0 577 00 762 5.0
762 5.0 762 5.0 109.7 0.0
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1097 0.0 1097 0.0 2017 26
2017 26 2017 26 2030 00
2030 0.0 2386 0.0 403.0 0.0
4030 00 4030 00 4237 46.6
4237 466 4237 466 4762 0.0
5189 0.0 5189 0.0 551.9 240.5
5519 2405 5519 2405 5975 09
5975 09 5975 09 697.5 0.0
807.1 0.0 807.1 0.0 807.1 0.0
8472 0.0 8472 0.0 8745 2743
8745 2743 8745 2743 3576.7 0.0
35771 473 3577.1 47.3 3577.1 47.3
[CIGaNH]; 499 06 501 07 555 0.0
623 0.0 684 0.0 69.9 0.0
722 17 80.1 9.7 814 9.6
998 0.0 1004 0.0 104.1 0.0
1129 00 1132 0.0 147.9 03
1493 03 180.6 1.0 181.0 0.0
2037 0.0 2042 0.0 2186 0.0
2188 0.0 231 35 2233 3.6
3816 0.0 3819 0.0 3992 24.1
3993 254 4077 572 4169 0.0
4171 00 4276 1263 4278 1272
4457 0.0 4646 69.5 464.8 0.0
4984 2353 5134 0.0 516.8 0.0
5605 92.4 561.0 95.1 500.6 0.0
6098 0.0 6650 3462 666.7 3427
6746 00 6753 0.0 677.1 05
7980 207 800.8 0.0 803.2 18.0
8064 0.0 817.7 0.0 8372 446.4

9490 0.0 9742 24 982.4 3572
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9836 3533 9934 0.0 994.6 0.0
35264 86.3 3526.7 0.0 35272 88.9
35276 0.0 3527.7 0.0 3527.8 76.0
ClsGagNeHy 505 00 538 00 550 1.1
550 1.1 599 04 599 04
714 26 760 05 760 0.5
877 14 877 1.4 91.0 64
049 126 949 126 109.0 03
1090 03 113.5 00 1340 02
1340 02 1380 122 141.9 10.5
1419  10.5 1452 0.0 151.4 02
1514 02 1612 3.6 183.1 0.0
1915 02 191.5 0.2 2122 03
2425 02 2425 02 2682 12.4
3572 634 3572 634 3741 00
4144 921 4144 921 4215 116
215 116 4233 1324 4443 380
4570 174 4570 17.4 4741 10.1
4741 10.1 4867 84 5100 0.5
5195 0.0 5477 492 5477 492
5560 0.0 564.6 56.4 564.6 56.4
6045 0.1 6045 0.1 633.1 2293
633.1 2293 637.5 253.1 704.8 171.9
9125 0.0 9563 65.0 956.3 65.0
9741 00 1003.8 149.7 1003.8 149.6
1018.5 5.7 1018.5 5.7 10309 0.0
1033.6 2214 1057.1 1488 1057.1 148.8
15359 124 15359 12.4 1553.8 1743
33743 1516 33743 1515 3378.6 85.4
34587 154 3459.2 48.4 3459.2 48.4

35125 3.1 3512.5 3.1 35147 1412
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Table 3s. Total energies at OK, total energies at 298 K (ZPVE included), in Hartree, and standard
entropies (J mol™ K™) of investigated corhpounds. B3LYP/pVDZ level of theory.

Compound E total, Ezos 5%,

Hartree (ZPVE included), Jmol' K

Hartree

H, -1.1737901 1.161473 130.7
HCI -460.6700685 -460.660967 186.7
N, -109.4392217 -109.431190 1915
GacCl -2384.7939364 -2384.790391 239.8
GaCl, -2844.8739178 -2844.867722 303.1
-~ GaClj -3305.0272375 -3305.017683 325.8
Ga.Cls -6610.0879468 -6610.066088 510.5
NH -55.1747974 -55.165086 181.2
NH, -55.8309529 -55.809293 194.9
NH, -56.5094756 -56.472574 192.5
GaN 'z* -1979.1844290 -1979.180159 223.3
GaN °n -1979.2314103 -1979.227510 234.7
ClsGaNH; -3361.5925311 -3361.541588 384.7
Cl,GaNH, -2900.8414765 -2900.807479 3447
ClGaNH 'A’ -2440.0296269 -2440.011760 289.3
CiGaNH *A” -2439.9994476 -2439.982712 316.3
(CiGaNH),. -4880.2326376 -4880.191213 391.8
(CIGaNH); -7320.4280688 -7320.363466 503.4
(CIGaNH), -9760.6351537 -9760.547883 540.7
(ClGaNH)g -14641.0141111 ' -14640.881014 738.4
(Cl,GaNH,), -5801.7764624 -5801.703137 479.1
(Cl,GaNH,); -8702.6827539 -8702.570306 656.4
(Cl3GaNHa), -6723.2125655 -6723.107532 603.0
NH3*Cl,GaNH, -2957.3969376 -2957.321522 397.0
Cl,GaNH,*GaCl; -6205.9360975 -6205.888361 498.2
NH3*Cl,GaNH,*GaCls -6262.4754440 -6262.386351 575.6
ClyGaNHz*HCI*Cl,GaNH, -6723.1337324 -6723.034162 649.7

ClgGagNgHs -16023.2269351 -16023.045471 867.1
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Figure 1s. Gibbs energy — temperature diagram for the gas phase reactions. Partial pressures of all

gas phas species are fixed at 1 atm.
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L

Figure 2s. Gibbs energy — temperature diagram for the gas phase reactions. Partial pressures of all

gas phas species are fixed at 0.01 atm.
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