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ESI 1: The Figures mentioned in the text. 

 

Fig. S1. The CCSD(T)/aug-cc-pVTZ optimized structures and relative energies (in Å, relative to 2a) of higher 

lying isomers of CN3Be3
+ (within 50 kcal/mol). 

 

 

Fig. S2. The CCSD(T)/aug-cc-pVTZ optimized structures and relative energies (in Å, relative to 3a) of higher 

lying isomers of CO3Li3
+ (within 100 kcal/mol). 
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Fig. S3. The three occupied π MOs of 1a-3a. Note the greater ionic character of the 3a set. 

 

 

 

 

ESI 2: The Scheme describing the designing idea of this work. 

 
Scheme 1. Two ways to design the new speices with phC. *: D3h CN3Li3

2- is studied at B3LYP/cc-pVTZ level. 
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ESI 3: The Cartesian coordinates of CCSD(T)/aug-cc-pVTZ optimized structures (in 

Cartesian coordinates) of species mentioned in the text and ESI. The 

CCSD(T)/aug-cc-pVTZ energies are given in the notation lines of .xyz format. 

 

1a 
 CCSD(T)/aug-cc-pVTZ  ENERGY=-225.82512591 

 C          0.0000000000       -0.0000023151        0.0000000000 

 C          0.0000000000        1.4545772675        0.0000000000 

 B          1.3382457021        0.7726385195        0.0000000000 

 C          1.2596951215       -0.7272933208        0.0000000000 

 B          0.0000000000       -1.5452653499        0.0000000000 

 C         -1.2596951215       -0.7272933208        0.0000000000 

 B         -1.3382457021        0.7726385195        0.0000000000 

 

1b 
CCSD(T)/aug-cc-pVTZ  ENERGY=-225.88860987 

 C          0.0000000000        2.2689200793       -0.3601047293 

 C          0.0000000000        1.4167487332        0.6509242089 

 C          0.0000000000       -1.4167487332        0.6509242089 

 C          0.0000000000       -2.2689200793       -0.3601047293 

 B          0.0000000000        0.8202357569       -0.8481377205 

 B          0.0000000000        0.0000000000        1.0020564818 

 B          0.0000000000       -0.8202357569       -0.8481377205 

 

======================================================= 

2a 
CCSD(T)/aug-cc-pVTZ  ENERGY=-245.91168122 

C          0.0000000000        0.0000000000       -0.0000125549 

 N          0.0000000000        0.0000000000        1.3780514673 

 N          0.0000000000        1.1934113459       -0.6890209649 

 N          0.0000000000       -1.1934113459       -0.6890209649 

 Be         0.0000000000        1.5167752142        0.8757128993 

 Be         0.0000000000       -1.5167752142        0.8757128993 

 Be         0.0000000000        0.0000000000       -1.7514227811 

 

2b 
CCSD(T)/aug-cc-pVTZ  ENERGY=-245.92139539 

 C         -1.2485790479       -0.3715898665        0.0000000000 
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 N          1.3952778801        0.4152472591        0.0000000000 

 N         -0.7920419552       -1.5275824849        0.0000000000 

 N         -1.4984393204        0.8459183396        0.0000000000 

 Be         0.0019210688        1.2062090978        0.0000000000 

 Be         0.6611709898       -1.0088701854        0.0000000000 

 Be         2.7762863847        0.8262558402        0.0000000000 

 

2c 
CCSD(T)/aug-cc-pVTZ  ENERGY=-245.90670794 

C          0.3282823566        1.0099511032        0.0000000000 

 N         -0.9633737530        0.9954165256        0.0000000000 

 N          1.4914967430        0.6634131646        0.0000000000 

 N         -0.3512122696       -1.5044974892        0.0000000000 

 Be        -0.9497995352       -0.4185892227        0.9539303588 

 Be        -0.9497995352       -0.4185892227       -0.9539303588 

 Be         1.0926739934       -0.9470198588        0.0000000000 

 

 

2d 
CCSD(T)/aug-cc-pVTZ  ENERGY=-245.88709826 

 C         -0.0015186983        1.7857557224        0.0000000000 

 N         -0.0002859725        0.4504463704        0.0000000000 

 N          0.0019580412       -2.0631451024        0.0000000000 

 N         -0.0027195113        2.9531136140        0.0000000000 

 Be         0.9429861375       -0.7646399976        0.0000000000 

 Be        -0.9414435444       -0.7662715235        0.0000000000 

 Be         0.0023005478       -3.4939410833        0.0000000000 

 

2e 
CCSD(T)/aug-cc-pVTZ  ENERGY=-245.87879516 

 C          1.5377314090        0.6320444537        0.0001984135 

 N         -0.9328909087       -0.0221183175        0.9032161966 

 N          1.8191864222       -0.5134466708        0.0004892518 

 N         -0.9327843206       -0.0223485548       -0.9036053992 

 Be        -0.1804783996        1.1351719237       -0.0002665593 

 Be         0.1447771056       -0.9018483402        0.0000196906 

 Be        -2.1901333078       -0.2023264940       -0.0002355940 

 

2f 
CCSD(T)/aug-cc-pVTZ  ENERGY=-245.86664024 

 C         -1.6789229377       -0.0683329201        0.0000000000 

 N          0.8711967163       -1.1857219481        0.0000000000 
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 N         -1.6347681488        1.1077361656        0.0000000000 

 N          1.2625708682        0.5274983898        0.0000000000 

 Be        -0.0059743917        1.3238968867        0.0000000000 

 Be         2.2579660680       -0.5911687165        0.0000000000 

 Be        -0.5963921742       -1.4203388573        0.0000000000 

 

2g 

CCSD(T)/aug-cc-pVTZ  ENERGY=-245.86487338 

 C          1.4609939382       -0.6875182509       -0.2624514950 

 N          2.0708548271        0.2035436676        0.2228562529 

 N         -1.4831416381       -0.7673930094        0.5152351466 

 N         -0.7636712161        0.7934496489       -0.2751100645 

 Be        -2.2465018949        0.3833324055       -0.1412651847 

 Be        -0.3231755991       -0.8664696263       -0.5051728566 

 Be         0.6614035829        1.0768671645        0.2289992012 

 

2h 
CCSD(T)/aug-cc-pVTZ  ENERGY=-245.84996656 

 C         -0.0426162905        1.3323871083        0.0000000000 

 N          0.0917531125       -2.8887463689        0.0000000000 

 N         -0.0030081739        0.1564505482        0.0000000000 

 N         -0.0843293779        2.5885169314        0.0000000000 

 Be         0.0464235885       -1.4269175358        0.0000000000 

 Be        -0.1311100034        3.9817913020        0.0000000000 

 Be         0.1384871447       -4.2924739853        0.0000000000 

 

2i 
CCSD(T)/aug-cc-pVTZ  ENERGY=-245.84878194 

 C          2.9545827040       -0.0000399983       -0.0001705343 

 N         -1.1926447072        0.9254363475        0.0001033492 

 N         -1.1927856828       -0.9253226461        0.0001630546 

 N          1.7666702195       -0.0001705630       -0.0003706330 

 Be        -1.7954669746        0.0001471144        1.1147217766 

 Be         0.2396477677       -0.0001197062       -0.0004073624 

 Be        -1.7965043266        0.0000774517       -1.1138886507 

 

2j 
CCSD(T)/aug-cc-pVTZ  ENERGY=-245.84352555 

 C         -0.0827820604        3.2790147885        0.0000000000 

 N          0.1106697884        2.1038552841        0.0000000000 

 N          0.6256425221       -0.9451619032        0.0000000000 

 N         -0.9814919967       -2.0517108530        0.0000000000 
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 Be         0.1016664885       -1.9765095344        1.0790637663 

 Be         0.3532057698        0.6157257523        0.0000000000 

 Be         0.1016664885       -1.9765095344       -1.0790637663 

 

2k 
CCSD(T)/aug-cc-pVTZ  ENERGY=-245.83639208 

 C          0.7699101655       -2.4349238313        0.0000000000 

 N         -0.3776506124       -2.7195650809        0.0000000000 

 N         -0.2147789788        2.2733315550        0.0000000000 

 N         -0.3561834716        3.3678161837        0.0000000000 

 Be        -1.0810989359       -1.2075772664        0.0000000000 

 Be        -0.0022007194        0.5616743151        0.0000000000 

 Be         1.5840035525       -0.8136528753        0.0000000000 

 

2l 
CCSD(T)/aug-cc-pVTZ  ENERGY=-245.83562157 

 C          0.0014792457        0.9871189449        0.0000000000 

 N         -1.3405795963        0.4700676651        0.0000000000 

 N          1.0029261389        0.1800332103        0.0000000000 

 N          0.5173928219       -1.4393465028        0.0000000000 

 Be         1.9420059805       -1.0240362357        0.0000000000 

 Be        -1.2735548290        1.9693713026        0.0000000000 

 Be        -0.9706337617       -1.0524773844        0.0000000000 

 

 

3a 
CCSD(T)/aug-cc-pVTZ  ENERGY=-285.92309032 

 C          0.0000000000       -0.0000156457        0.0000000000 

 O          0.0000000000        1.2915911393        0.0000000000 

 O          1.1185290290       -0.6457882358        0.0000000000 

 O         -1.1185290290       -0.6457882358        0.0000000000 

 Li         1.9155840219        1.1059728765        0.0000000000 

 Li         0.0000000000       -2.2119437752        0.0000000000 

 Li        -1.9155840219        1.1059728765        0.0000000000 

 

3b 
CCSD(T)/aug-cc-pVTZ  ENERGY=-285.87153990 

 C          0.2753890868        0.0834519873        0.0000000000 

 O         -1.0848296646        0.1570000409        0.0000000000 

 O          0.9435613918        1.1307432639        0.0000000000 

 O          0.6887136550       -1.1480252651        0.0000000000 

 Li        -0.6742900257       -1.3161231177        1.3639335632 

Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics
This journal is © The Owner Societies 2012



 Li        -0.6742900257       -1.3161231177       -1.3639335632 

 Li        -0.6719464176        2.1009052084        0.0000000000 

 

3c 
CCSD(T)/aug-cc-pVTZ  ENERGY=-285.86423978 

 C          0.1747052337       -0.3250809895        0.0000000000 

 O          0.4152686536       -0.7958460846        1.1375967341 

 O          0.4152686536       -0.7958460846       -1.1375967341 

 O         -0.4258597744        0.9510101535        0.0000000000 

 Li         0.3999918447        0.8868690344        1.8669317608 

 Li        -2.2030584558        0.5830609363        0.0000000000 

 Li         0.3999918447        0.8868690344       -1.8669317608 

 

3d 
CCSD(T)/aug-cc-pVTZ  ENERGY=-285.86731347 

 C          0.0000000000        0.0000000000        0.0685888599 

 O          0.0000000000        1.0920666604       -0.6568518535 

 O          0.0000000000        0.0000000000        1.3261169413 

 O          0.0000000000       -1.0920666604       -0.6568518535 

 Li        -1.3344512101        0.0000000000       -1.5960468186 

 Li         1.3344512101        0.0000000000       -1.5960468186 

 Li         0.0000000000        0.0000000000        3.0289715430 

 

3e 
CCSD(T)/aug-cc-pVTZ  ENERGY=-285.84320939 

 C          0.0000000000        0.0000000000        2.1336301311 

 O          0.0000000000        0.0000000000       -2.7429219352 

 O          0.0000000000        0.0000000000        3.2870506455 

 O          0.0000000000        0.0000000000        0.9567897108 

 Li         0.0000000000        0.0000000000       -1.0186090640 

 Li         0.0000000000        1.4831575705       -3.5750927441 

 Li         0.0000000000       -1.4831575705       -3.5750927441 

 

3f 
CCSD(T)/aug-cc-pVTZ  ENERGY=-285.83916702 

 C          0.0018860858       -1.2623155471        0.0000000000 

 O          0.0020185249       -1.2673099474        1.1674157820 

 O          0.0020185249       -1.2673099474       -1.1674157820 

 O         -0.0024633922        1.6118235433        0.0000000000 

 Li        -0.0113490169        3.3228574394        0.0000000000 

 Li         0.0016856368        0.8528312296        1.5514887270 

 Li         0.0016856368        0.8528312296       -1.5514887270 
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ESI 4: The full form of references 17 and 18. 

 

17 H.-J. Werner, P. J. Knowles, R. Lindh, F. R. Manby, M. Schütz, P. Celani, T. Korona, A. Mitrushenkov, G. Rauhut, T. 

B. Adler, R. D. Amos, A. Bernhardsson, A. Berning, D. L. Cooper, M. J. O. Deegan, A. J. Dobbyn, F. Eckert, E. 

Goll, C. Hampel, G. Hetzer, T. Hrenar, G. Knizia, C. Köppl, Y. Liu, A. W. Lloyd, R. A. Mata, A. J. May, S. J. 

McNicholas, W. Meyer, M. E. Mura, A. Nicklab, P. Palmieri, K. Pflüger, R. Pitzer, M. Reiher, U. Schumann, H. 

Stoll, A. J. Stone, R. Tarroni, T. Thorsteinsson, M. Wang, and A. Wolf, MOLPRO 2008.1, University College 

Cardiff Consultants Limited,2008. 

18 M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, M. A. Robb, J. R. Cheeseman, J. A. Montgomery, Jr., T. 

Vreven, K. N. Kudin, J. C. Burant, J. M. Millam, S. S. Iyengar, J. Tomasi, V. Barone, B. Mennucci, M. Cossi, G. 

Scalmani, N. Rega, G. A. Petersson, H. Nakatsuji, M. Hada, M. Ehara, K. Toyota, R. Fukuda, J. Hasegawa, M. 

Ishida, T. Nakajima, Y. Honda, O. Kitao, H. Nakai, M. Klene, X. Li, J. E. Knox, H. P. Hratchian, J. B. Cross, C. 

Adamo, J. Jaramillo, R. Gomperts, R. E. Stratmann, O. Yazyev, A. J. Austin, R. Cammi, C. Pomelli, J. W. Ochterski, 

P. Y. Ayala, K. Morokuma, G. A. Voth, P. Salvador, J. J. Dannenberg, V. G. Zakrzewski, S. Dapprich, A. D. Daniels, 

M. C. Strain, O. Farkas, D. K. Malick, A. D. Rabuck, K. Raghavachari, J. B. Foresman, J. V. Ortiz, Q. Cui, A. G. 

Baboul, S. Clifford, J. Cioslowski, B. B. Stefanov, G. Liu, A. Liashenko, P. Piskorz, I. Komaromi, R. L. Martin, D. J. 

Fox, T. Keith, M. A. Al-Laham, C. Y. Peng, A. Nanayakkara, M. Challacombe, P. M. W. Gill, B. Johnson, W. Chen, 

M. W. Wong, C. Gonzalez, and J. A. Pople, GAUSSIAN 03 Rev. E.01, Gaussian Inc., Pittsburgh, PA, 2003. 
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