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Table S1.  Calculated vibrational wavenumbers (/cm-1) and infrared intensities (/km mol-1) of 
H2O.  

 
 Harmonic    Anharmonic   
Calculation ν1 (A1) ν2 (A1) ν3 (B2)  ν1 (A1) ν2 (A1) ν3 (B2) 
B3LYP/DZa 3752 (3)b 1659 (55) 3853 (20)  3571 1601 3664 
B3LYP/aDZ 3795 (4) 1619 (71) 3904 (60)  3620 1568 3717 
B3LYP/TZ 3800 (3) 1639 (70) 3901 (41)  3635 1588 3721 
B3LYP/aTZ 3796 (5) 1627 (76) 3899 (63)  3634 1575 3722 
B3LYP/QZ 3806 (4) 1635 (73) 3906 (52)  3640 1583 3726 
B3LYP/aQZ 3804 (5) 1629 (76) 3906 (63)  3639 1577 3727 
B3LYP/5Z 3808 (5) 1630 (75) 3909 (60)  3641 1578 3729 
B3LYP/a5Z 3807 (5) 1629 (76) 3908 (63)  3640 1577 3728 
MP2/DZ 3852 (7) 1678 (57) 3971 (33)  3672 1625 3786 
MP2/aDZ 3803 (4) 1622 (67) 3938 (67)  3622 1573 3745 
MP2/TZ 3855 (6) 1652 (65) 3976 (55)  3686 1602 3794 
MP2/aTZ 3818 (6) 1628 (72) 3945 (75)  3654 1578 3768 
MP2/QZ 3855 (7) 1643 (69) 3978 (68)  3683 1589 3794 
MP2/aQZ 3840 (6) 1632 (73) 3966 (78)  3668 1580 3782 
MP2/5Z 3849 (7) 1637 (72) 3974 (76)  3676 1583 3789 
Experimental gas phase values c  3657 1595 3756 
a Basis set abbreviations: a, aug-; DZ, cc-pVDZ; TZ, cc-pVTZ; QZ, cc-pVQZ; 5Z, cc-pV5Z. 
b Infrared intensities in brackets. 
c HITRAN database: Journal of Quantitative Spectroscopy and Radiative Transfer, 2009, 110, 
533-572. 
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Table S4.  Calculated vibrational wavenumbers (/cm-1) 
and infrared intensities (/km mol-1) of 
(H2SO4)2 

 
 B3LYP/aDZ a B3LYP/aTZ MP2/aDZ

ν1(Ag) 3734 3746 3722
ν2 (Ag) 3154 3155 3202
ν3( Ag) 1391 1425 1413
ν4(Ag) 1268 1295 1293
ν5(Ag) 1159 1168 1175
ν6(Ag) 1069 1128 1103
ν7(Ag) 854 901 868
ν8(Ag) 768 811 784
ν9(Ag) 729 741 744
ν10(Ag) 501 539 514
ν11(Ag) 493 532 501
ν12(Ag) 456 491 459
ν13(Ag) 386 416 391
ν14(Ag) 340 370 351
ν15(Ag) 239 256 250
ν16(Ag) 150 152 163
ν17(Ag) 123 126 110
ν18(Ag) 51 53 49
ν9( Au) 3733 (255)c 3746 (268) 3721 (263)
ν20 (Au)  3235 (3037) 3236 (3050) 3277 (2752)
ν21(Au) 1353 (550) 1398 (830) 1378 (693)
ν22(Au) 1273 (279) 1287 (110) 1298 (181)
ν23(Au) 1159 (112) 1192 (242) 1179 (116)
ν24(Au) 1109 (388) 1147 (279) 1139 (378)
ν25(Au) 858 (515) 905 (552) 875 (494)
ν26(Au) 773 (275) 812 (303) 795 (297)
ν27(Au) 748 (6) 765 (48) 752 (7)
ν28(Au) 509 (87) 549 (92) 514 (81)
ν29(Au) 494 (35) 533 (41) 504 (33)
ν30(Au) 476 (32) 512 (27) 478 (41)
ν31(Au) 381 (62) 410 (58) 386 (67)
ν32(Au) 355 (17) 379 (13) 377 (25)
ν33(Au) 234 (123) 252 (139) 245 (113)
ν34(Au) 177 (55) 184 (61) 179 (48)
ν35(Au) 42 (5) 42 (5) 40 (5)
ν36(Au) 26 (2) 31 (3) 21 (2)

 
a Basis set abbreviations: aDZ, aug-cc-pVDZ; aTZ, 
aug-cc-pVTZ. 
c Infrared intensities in brackets. 
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Table S6.  Calculated vibrational wavenumbers (/cm-1) and 
infrared intensities (/km mol-1) in various 
H2O·Xe aggregates. 

 
Species Calculation ν1 (H2O) ν2 (H2O) ν3 (H2O) 
H2O·Xe MP2/aDZ 3798 (20)b 1622 (42) 3932 (129)
 MP2/aTZ 3810 (36) 1623 (40) 3936 (158)
 MP2/aQZ 3827 (42) 1628 (40) 3953 (167)
     
H2O·Xe2 MP2/aDZ 3795 (10) 1619 (23) 3928 (222)
 MP2/aTZ 3804 (19) 1617 (20) 3926 (311)
 MP2/aQZ 3819 (58) 1631 (30) 3934 (285)
     
H2O·Xe3 MP2/aDZ 3795 (10) 1616 (61) 3923 (185)
 MP2/aTZ 3802 (14) 1611 (60) 3920 (249)
     
H2O·Xe4 MP2/aDZ 3791 (22) 1623 (76) 3916 (78) 
 MP2/aTZ 3802 (36) 1629 (78) 3914 (98) 
     
H2O·Xe5 MP2/aDZ 3791 (20) 1622 (40) 3916 (142)

a Basis set abbreviations: a, aug-; DZ, cc-pVDZ; TZ, cc-
pVTZ; QZ, cc-pVQZ; 5Z, cc-pV5Z. 
b Infrared intensities in brackets. 
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Table S7.  Calculated vibrational wavenumbers (/cm-1) and infrared intensities (/km mol-1) in 
the (H2O)2·Xe3 aggregate. 

 
Calculation ν1 (H2O)2 ν2 (H2O)2 ν3 (H2O)2 ν4 (H2O)2 ν5 (H2O)2 ν9 (H2O)2 
MP2/aDZ 3895 (192)b 3782 (27) 3681 (209) 1635 (24) 1628 (70) 3904 (103)
a Basis set abbreviations: a, aug-; DZ, cc-pVDZ; TZ, cc-pVTZ; QZ, cc-pVQZ; 5Z, cc-pV5Z. 
b Infrared intensities in brackets. 
 
 
 
Table S8.  Calculated vibrational wavenumbers (/cm-1) 

and infrared intensities (/km mol-1) in the 
H2SO4·Xe2 aggregate. 

 
Calculation MP2/aDZ a MP2/aTZ 
ν1 3687 (166)b 3678 (204)
ν2 1152 (177) 1221 (139)
ν3 1185 (0) 1182 (42) 
ν4 762 (107) 823 (101) 
ν5 492 (28) 533 (25) 
ν6 432 (33) 479 (26) 
ν7 353 (1) 389 (1) 
ν8 264 (38) 311 (28) 
ν9 3680 (426) 3670 (726)
ν10 1398 (297) 1463 (316)
ν11 1186 (67) 1193 (62) 
ν12 808 (234) 870 (259) 
ν13 502 (19) 541 (25) 
ν14 452 (48) 494 (53) 
ν15 354 (39) 415 (25) 

 
a Basis set abbreviations: a, aug-; DZ, cc-pVDZ; TZ, 
cc-pVTZ; QZ, cc-pVQZ; 5Z, cc-pV5Z. 
b Infrared intensities in brackets. 
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Table S9.  Calculated vibrational wavenumbers (/cm-1) and infrared intensities (/km mol-1) in the 
(H2SO4)2·Xe2 aggregate. Results from MP2/aug-cc-pVDZ calculation. 

 
ν1(Ag) ν2(Ag) ν3(Ag) ν4(Ag) ν5(Ag) ν6(Ag) ν7(Ag) ν8(Ag) ν9(Ag) ν10(Ag) ν11(Ag) ν12(Ag)

3670 3183 1411 1294 1190 1100 863 786 760 516 500 460
 
ν13(Ag) ν14(Ag) ν15(Ag) ν16(Ag) ν17(Ag) ν18(Ag) ν19(Ag) ν20(Ag) ν21(Ag) 

403 365 284 167 114 74 45 26 11 
 

ν22(Au) ν23(Au) ν24(Au) ν25(Au) ν26(Au) ν27(Au) ν28(Au) ν29(Au)
3670 (673) 3259 (2933) 1375 (708) 1300 (192) 1194 (119) 1137 (369) 871 (442) 801 (282)
 

ν30(Au) ν31(Au) ν32(Au) ν33(Au) ν34(Au) ν35(Au) ν36(Au) ν37(Au)
761 (7) 513 (79) 503 (31) 480 (33) 409 (59) 383 (38) 282 (60) 182 (51)

 
ν38(Au) ν39(Au) ν40(Au) ν41(Au) ν42(Au)
72 (6) 46 (2) 31 (1) 8 (0) 6 (0)
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Table S10.  Calculated vibrational wavenumbers (/cm-1) 
and infrared intensities (/km mol-1) in the 
H2SO4·H2O·Xe2 aggregate. 

 
MP2/aDZ MP2/aTZ 
3878 (117) 3883 (124) 
3721 (67) 3733 (77) 
3694 (211) 3685 (332) 
3148 (1070) 3123 (1146) 
1621 (44) 1630 (42) 
1441 (202) 1468 (294) 
1325 (146) 1358 (75) 
1182 (35) 1212 (160) 
1139 (208) 1182 (94) 
878 (193) 917 (242) 
842 (139) 896 (110) 
767 (110) 826 (102) 
527 (247) 550 (122) 
508 (15) 541 (37) 
500 (35) 533 (143) 
472 (8) 509 (23) 
406 (53) 446 (49) 
358 (14) 397 (20) 
333 (114) 341 (95) 
270 (41) 301 (55) 
234 (82) 242 (72) 
229 (2) 237 (3) 
133 (14) 133 (15) 
64 (2) 87 (5) 
59 (5) 62 (3) 
46 (1) 51 (1) 
36 (3) 41 (4) 
28 (1) 32 (0) 
20 (0) 22 (0) 
15 (1) 17 (1) 
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Figure S1 Figure S2 

  

Figure S3 Figure S4 
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Figure S5 Figure S6 

 
Figure Captions (ESI): 
Figure S1: 
Configuration of the H2O····Xe aggregate 
 
Figure S2: 
Configuration of the H2O····Xe2 aggregate 
 
Figure S3: 
Configuration of the H2O····Xe3 aggregate 
 
Figure S4: 
Configuration of the H2O····Xe4 aggregate 
 
Figure S5: 
Configuration of the (H2O)2····Xe3 aggregate 
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