Supporting Information for:

Experimental and Theoretical Studies of the Infrared Spectra and Bonding

Properties of NgBeCO; and a Comparison with NgBeO (Ng = He, Ne, Ar, Kr, Xe)

Qingnan ZhangT, Mohua Chen', Mingfei Zhou'*, Diego M. Andrada®, Gernot

Frenkingi’*

TDepartment of Chemistry, Shanghai Key Laboratory of Molecular Catalysts and

Innovative Materials, Fudan University, Shanghai 200433, China, E-mail:

mfzhou@fudan.edu.cn.

*Fachbereich Chemie, Philipps-Universitidt Marburg, Hans-Meerwein-Strasse, D-35043

Marburg, Germany. Email: frenking@chemie.uni-marburg.de.

S1



Full references 56 and 57.

56. M. J. Frisch; G. W. Trucks; H. B. Schlegel; G. E. Scuseria; M. A. Robb; J. R.
Cheeseman; G. Scalmani; V. Barone; B. Mennucci; G. A. Petersson; H. Nakatsuji; M.
Caricato; X. Li; H. P. Hratchian; A. F. Izmaylov; J. Bloino; G. Zheng; J. L. Sonnenberg;
M. Hada; M. Ehara; K. Toyota; R. Fukuda; J. Hasegawa; M. Ishida; T. Nakajima; Y.
Honda; O. Kitao; H. Nakai; T. Vreven; J. A. Montgomery, J.; J. E. Peralta; F. Ogliaro;
M. Bearpark; J. J. Heyd; E. Brothers; K. N. Kudin; V. N. Staroverov; R. Kobayashi; J.
Normand; K. Raghavachari; A. Rendell; J. C. Burant; S. S. Iyengar; J. Tomasi; M.
Cossi; N. Rega; J. M. Millam; M. Klene; J. E. Knox; J. B. Cross; V. Bakken; C. Adamo;
J. Jaramillo; R. Gomperts; R. E. Stratmann; O. Yazyev; A. J. Austin; R. Cammi; C.
Pomelli; J. W. Ochterski; R. L. Martin; K. Morokuma; V. G. Zakrzewski; G. A. Voth; P.
Salvador; J. J. Dannenberg; S. Dapprich; A. D. Daniels; O. Farkas; J. B. Foresman; J. V.
Ortiz; J. Cioslowski; D. J. Fox Gaussian 09, Revision C.01. Gaussian, Inc.: Wallingford
CT, 2009.

57. Werner, H.-J.; Knowles, P. J.; Knizia, G.; Manby, F. R.; Schiitz, M.; Celani, P,;
Korona, T.; Lindh, R.; Mitrushenkov, A.; Rauhut, G.; Shamasundar, K. R.; Adler, T. B.;
Amos, R. D.; Bernhardsson, A.; Berning, A.; Cooper, D. L.; Deegan, M. J. O.; Dobbyn,
A. J.; Eckert, F.; Goll, E.; Hampel, C.; Hesselmann, A.; Hetzer, G.; Hrenar, T.; Jansen,
G; Koppl, C.; Liu, Y.; Lloyd, A. W.; Mata, R. A.; May, A. J.; McNicholas, S. J.; Meyer,
W.; Mura, M. E.; Nicklass, A.; O’Neill, D. P.; Palmieri, P.; Peng, D.; Pfliiger, K.; Pitzer,
R.; Reiher, M.; Shiozaki, T.; Stoll, H.; Stone, A. J.; Tarroni, R.; Thorsteinsson, T.; Wang,
M. MOLPRO, 2012.1; http://www.molpro.net, 2012.

Table S1. Coordinates and energies of the calculated molecules.

Cartesian coordinates of the optimized structure.

CcO
BeO
E(MO06-2X/def2-TZVPP) = -89.8963962
Be 0.000000000000 0.000000000000 -0.878688000000
(0] 0.000000000000 0.000000000000 0.439344000000
BeO
E(MP2/cc-pVTZ) = -89.742503153430
Be 0.0000000000 0.0000000000 -0.8964929222
(0] 0.0000000000 0.0000000000 0.4571489222
BeO
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E(CCSD(T)/cc-pVTZ) = -89.748243856625

Be 0.0000000000 0.0000000000
(0) 0.0000000000 0.0000000000
BeCO;
E(MO06-2X/def2-TZVPP) = -278.5956542
Be 1.485898000000 0.000038000000
(0] 0.510242000000 1.096671000000
C -0.333926000000 0.000040000000
(0] 0.510401000000 -1.096631000000
(0] -1.513148000000 -0.000089000000
BeCO;
EMP2/cc-pVTZ) =-278.135187293601
Be 1.489208401400 0.000065119800
(0] 0.514608725100 1.111634332300
C -0.335431496900 -0.000002880100
(0] 0.514731314900 -1.111587868400
(0] -1.523649944600 -0.000079703600
BeCO;
E(CCSD(T)/cc-pVTZ) =-278.16643051
Be 1.4894426960 0.0000670497
6] 0.5152668743 1.1082859630
C -0.3364820020 -0.0000052123
o 0.5153865048 -1.1082396870
0] -1.5241470731 -0.0000791136
He-BeO
E(MO06-2X/def2-TZVPP) = -92.8083279
He 0.000000000000 0.000000000000
Be 0.000000000000 0.000000000000
(0] 0.000000000000 0.000000000000
He-BeO
E(MP2/cc-pVTZ) = -92.644999259873
He 0.000000000000 0.000000000000
Be 0.000000000000 0.000000000000
(0] 0.000000000000 0.000000000000
He-BeO
E(CCSD(T)/cc-pVTZ) =-92.656231137751
He 0.000000000000 0.000000000000
Be 0.000000000000 0.000000000000

S3

-0.8919102512
0.4525662512

-0.000001000000
0.000000000000
0.000002000000
0.000000000000

-0.000001000000

-0.000001009400
0.000000202700
0.000001337000
0.000000202800

-0.000000733100

-0.0000010675
0.0000002414
0.0000013489
0.0000002415
-0.0000007642

-2.053572000000
-0.534491000000
0.780638000000

-2.064708132100
-0.544179555700
0.801462687900

-2.062685741300
-0.540284882600



O 0.000000000000 0.000000000000

He-BeCO;,
E(MO06-2X/def2-TZVPP) = -281.5039435
He 2.932098000000 -0.002944000000
Be 1.323365000000 0.002196000000
(0] 0.337961000000 -1.091919000000
C -0.507546000000 -0.000497000000
(0] 0.335360000000 1.093586000000
(0] -1.687369000000 -0.001657000000
He-BeCO;,
EMP2/cc-pVTZ) = -281.034628272551
He 2.9384218586 -0.0000205458
Be 1.3271921305 -0.0000687409
o 0.3396768948 -1.1062179801
C -0.5110339343 -0.0003460616
0] 0.3394914748 1.1058243749
o -1.6998794244 -0.0004060465
He-BeCO;
E(CCSD(T)/cc-pVTZ) =-281.072152376714
He 2.9346272799 -0.0000125503
Be 1.3281993893 -0.0000759574
(0) 0.3410901573 -1.1029288966
C -0.5113176226 -0.0003421210
0] 0.3409089774 1.1025281648
0] -1.6996391813 -0.0004036395
Ne-BeO
E(M06-2X/def2-TZVPP) = -218.837999
Ne 0.000000000000 0.000000000000
Be 0.000000000000 0.000000000000
(0] 0.000000000000 0.000000000000
Ne-BeO
E(MP2/cc-pVTZ) = -218.548418594182
Ne 0.000000000000 0.000000000000
Be 0.000000000000 0.000000000000
(0] 0.000000000000 0.000000000000
Ne-BeO
E(CCSD(T)/cc-pVTZ) =-218.560316060725
Ne 0.000000000000 0.000000000000

sS4

0.795545624000

-0.005987000000
0.001928000000
0.000978000000

0.000083000000
0.000968000000
-0.001475000000

-0.0034160606
-0.0005943350
-0.0001140122
0.0002392888
-0.0001410811
0.0005212001

-0.0034379228
-0.0005632308
-0.0001037081

0.0002350665
-0.0001305113
0.0004953065

1.457398000000
-0.336788000000
-1.653353000000

1.468497242100
-0.327155495600
-1.674084746400

1.460709461100



Be 0.000000000000

0.000000000000
0.000000000000

0.000000000000
0.000000000000
1.092866000000
0.000000000000
-1.092866000000
0.000000000000

0.000000000000
0.000000000000
1.105605055100
0.000000000000
-1.105605055100
0.000000000000

0.000000000000
0.000000000000
1.102249881700
0.000000000000
-1.102249881700
0.000000000000

0.000000000000
0.000000000000
0.000000000000

0.0000000000
0.0000000000

(0] 0.000000000000
Ne-BeCO;
E(MO06-2X/def2-TZVPP) = -407.5355902
Ne 0.000000000000
Be 0.000000000000
(0] 0.000000000000
C 0.000000000000
(0] 0.000000000000
(0] 0.000000000000
Ne-BeCO;
EMP2/cc-pVTZ) = -406.940730672422
Ne 0.000000000000
Be 0.000000000000
(0] 0.000000000000
C 0.000000000000
(0] 0.000000000000
(0] 0.000000000000
Ne-BeCO;
E(CCSD(T)/cc-pVTZ) = -406.978709593099
Ne 0.000000000000
Be 0.000000000000
(0] 0.000000000000
C 0.000000000000
(0] 0.000000000000
(0] 0.000000000000
Ar-BeO
E(MO06-2X/def2-TZVPP) = -617.4403015
Ar 0.000000000000
Be 0.000000000000
(0] 0.000000000000
Ar-BeO
E(MP2/cc-pVTZ) =-616.780538456923
Ar 0.0000000000
Be 0.0000000000
(0] 0.0000000000

Ar-BeO

0.0000000000

S5

-0.328096150100
-1.665356311000

2.580192000000

0.738384000000
-0.250389000000
-1.093240000000
-0.250389000000
-2.273725000000

2.560688488500

0.747641327500
-0.242276952800
-1.091739473700
-0.242276952800
-2.281203436600

2.549403765200

0.750082758100
-0.239288889400
-1.090592511000
-0.239288889400
-2.279483233400

1.179418000000
-0.890005000000
-2.208687000000

1.6554384298
-0.4205124197
-1.7676690101



E(CCSD(T)/cc-pVTZ) = -616.810661029563

Ar
Be
O

Ar-BeCO3

0.0000000000
0.0000000000
0.0000000000

0.0000000000
0.0000000000
0.0000000000

E(MO06-2X/def2-TZVPP) = -806.1360107

Ar-BeCO3

0.000000000000
0.000000000000
0.000000000000
0.000000000000
0.000000000000
0.000000000000

0.000000000000
0.000000000000
1.089829000000
0.000000000000
-1.089829000000
0.000000000000

E(MP2/cc-pVTZ) = -805.171060839501

Ar-BeCO3

0.000000000000
0.000000000000
0.000000000000
0.000000000000
0.000000000000
0.000000000000

0.000000000000
0.000000000000
1.102800399900
0.000000000000
-1.102800399900
0.000000000000

E(CCSD(T)/cc-pVTZ) = -805.226928321526

Kr-BeO

0.000000000000
0.000000000000
0.000000000000
0.000000000000
0.000000000000
0.000000000000

0.000000000000
0.000000000000
1.099511675000
0.000000000000
-1.099511675000
0.000000000000

E(MO06-2X/def2-TZVPP) = -2843.7362211

Kr
Be
(0]

Kr-BeO

0.000000000000
0.000000000000
0.000000000000

0.000000000000
0.000000000000
0.000000000000

E(MP2/cc-pVTZ) = -2841.988639588787

Kr
Be
O

0.000000000000
0.000000000000
0.000000000000

0.000000000000
0.000000000000
0.000000000000

S6

1.6491334923
-0.4218349969
-1.7600414954

2.366224000000

0.255962000000
-0.746247000000
-1.587082000000
-0.746247000000
-2.769178000000

2.817281932900
0.706041798700
-0.296874027700
-1.143877386700
-0.296874027700
-2.334865289500

2.814577982600

0.707197758600
-0.295805841600
-1.144411108700
-0.295805841600
-2.334919949300

0.775229000000
-1.445749000000
-2.765658000000

0.778941400600
-1.433522254300
-2.781597146300



Kr-BeO

E(CCSD(T)/cc-pVTZ) = -2842.015994953367

Kr

Be

o

KT-BCCO3

0.000000000000
0.000000000000
0.000000000000

0.000000000000
0.000000000000
0.000000000000

E(MO06-2X/def2-TZVPP) = -3032.431313

KT-BCCO3

0.000000000000
0.000000000000
0.000000000000
0.000000000000
0.000000000000
0.000000000000

0.000000000000
0.000000000000
1.088970000000
0.000000000000
-1.088970000000
0.000000000000

E(MP2/cc-pVTZ) = -3030.378180580075

KT-BCCO3

0.000000000000
0.000000000000
0.000000000000
0.000000000000
0.000000000000
0.000000000000

0.000000000000
0.000000000000
1.102303491000
0.000000000000
-1.102303491000
0.000000000000

E(CCSD(T)/cc-pVTZ) = -3030.431188888698

Xe-BeO

0.000000000000
0.000000000000
0.000000000000
0.000000000000
0.000000000000
0.000000000000

0.000000000000
0.000000000000
1.098887639300
0.000000000000
-1.098887639300
0.000000000000

E(MO06-2X/def2-TZVPP) = -419.2187276

Xe
Be
O

Xe-BeO

0.000000000000
0.000000000000
0.000000000000

0.000000000000
0.000000000000
0.000000000000

E(MP2/cc-pVTZ&cc-pVTZ-PP) = -418.213460086664

Xe
Be

0.000000000000
0.000000000000

0.000000000000
0.000000000000

S7

0.773487753700
-1.435203654600
-2.774462099000

1.837138000000
-0.431627000000
-1.439849000000
-2.279299000000
-1.439849000000
-3.462133000000

1.832431797300
-0.427186887000
-1.434207581800
-2.280553960900
-1.434207581800
-3.471894785900

1.828880416100
-0.425765538500
-1.433093583100
-2.280764170000
-1.433093583100
-3.471782541400

0.597916000000
-1.809800000000
-3.131033000000

0.594886570900
-1.794251069000



E(CCSD(T)/cc-pVTZ&cc-pVTZ-PP) = -418.239798822025

0.000000000000

0.000000000000
0.000000000000
0.000000000000

0.000000000000
0.000000000000
1.088508000000
0.000000000000
-1.088508000000
0.000000000000

E(MP2/cc-pVTZ&cc-pVTZ-PP) = -606.601760992366

E(CCSD(T)/cc-pVTZ&ce-pVTZ-PP) = -606.653625281976

0.000000000000
0.000000000000
1.101554973600
0.000000000000
-1.101554973600
0.000000000000

0.000000000000

(0] 0.000000000000
Xe-BeO
Xe 0.000000000000
Be 0.000000000000
(0] 0.000000000000
XC-BCCO3
E(M06-2X/def2-TZVPP) =-607.913112
Xe 0.000000000000
Be 0.000000000000
(0] 0.000000000000
C 0.000000000000
(0] 0.000000000000
(0] 0.000000000000
Xe-BeCO3
Xe 0.000000000000
Be 0.000000000000
(0] 0.000000000000
C 0.000000000000
(0] 0.000000000000
(0] 0.000000000000
XC-BCCO3
Xe 0.000000000000
Be 0.000000000000

(0] 0.000000000000
C 0.000000000000
(0] 0.000000000000
(0] 0.000000000000

0.000000000000
1.098211810800
0.000000000000
-1.098211810800
0.000000000000

S8

-3.143552501900

0.589331007700
-1.795822927100
-3.136425080600

1.535852000000
-0.923092000000
-1.934584000000
-2.773055000000
-1.934584000000
-3.956493000000

1.528184627500
-0.916905357500
-1.928867319000
-2.773667519600
-1.928867319000
-3.965833112400

1.526992849900
-0.915720216500
-1.928224305300
-2.774522990800
-1.928224305300
-3.966257032000



