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Comparisons of the old SAC/SAC-CI calculations in 1985 with the RKR potentials published thereafter
One of the authors performed with J. Ushio and T. Yonezawa the SAC/SAC-CI calculations applied to the potential curves of the lower nine states of the Li2 molecule at the Computer Center of the Institute of Moleculer Science, Okazaki, and published the results in 1985 as a tribute to Prof. Camille Sandorfy on his 65th birthday.1 From 1986, many important data on the experimental Rydberg-Klein-Rees (RKR) potential curves of Li2 were published.2-11 Here, we briefly compare the old SAC-CI(1985) data with the accurate experimental RKR potential as we did in the main text for the newly pereformd SAC-CI(2022) data. The important point lies also in the comparison of these SAC-CI results with the essentially exact data obtained with the free complement theory. The marks (2022) and (1985) represent the years of the SAC/SAC-CI calculations for the ground and excited states of Li2. The essential difference between these two SAC-CI calculations lies in the difference in the basis set. 
The SAC-CI(1985) calculations were performed using the Huzinaga-Dunning 6s4p CGTO basis12,13 augmented with their derivative bases (as polarization functions) and one s-type GTO (ζ= 0.01) as a Rydberg AO, which consisted of 74 CGTO’s. In the SAC/SAC-CI calculations, some outer-most virtual MO’s were not included in the active space and some perturbation selections were performed. For details see ref. 1. 
Table S1 shows the results like Table III of the main text. Though the basis sets and the calculations are by far less accurate than those of the SAC-CI(2022), we will see that the results of the relative energies were still reasonable. First, we notice that the difference ΔE in the absolute total energies in kcal/mol between the SAC-CI(1985) and the experimental RKR results were very large: 56.546, 56.447, 58.391, 57.618, 56.808, 56.068, and 56.357, respectively, for the X1Σg+, A1Σu+, 21Σg+, B1Πu, 11Πg, a3Σu+, and b3Σg+ states, and the average value was 56.953 kcal/mol. This value was much larger than those of the FC theory, 0.0583 kcal/mol and of the SAC-CI(2022), 5.727 kcal/mol. Therefore, the absolute accuracy of the old SAC-CI calculations was very poor. However, when we compare the accuracy of the excitation energy by the ΔEX value in eV unit, they were -0.00427, 0.08362, 0.04774, 0.02159, -0.00887, and -0.01242, respectively, for the excited states, A1Σu+, 21Σg+, B1Πu, 11Πg, a3Σu+, and b3Σg+, and the average value was 0.02480 eV. This was larger than the case of the SAC-CI(2022): 0.00428 eV, but still reasonable. The largest differeces of ΔE and ΔEX from the RKR values were 61.556 kcal/mol and +0.22663 eV, respectively, both for the 21Σg+ state at R=10.0 a.u. This was due to the well-known deficiency of the Hartree-Fock based theory in the bond-breaking region, which was also common to the SAC-CI(2022) case. The essential natures were more or less common between the SAC-CI(2022) and SAC-CI(1985) despite of the large difference in the basis set. Thus, the reliability of the theoretical results depends mainly on the theoretical quality, not much on the quality of the computational details. 
References:
1 H. Nakatsuji, J. Ushio, and T. Yonezawa, Can. J. Chem. 63, 1857 (1985).
2 B. Barakat, R. Bacis, F. Carrot, S. Churassy, P. Crozet, F. Martin, and J. Verges, Chem. Phys., 102, 215 (1986).

3 C. Linton, T. L. Murphy, F. Martin, R. Bacis, and J. Verges, J. Chem. Phys. 91, 6036 (1989). 

4 F. Martin, R. Bacis, J. Verges, C. Linton, G. Bujin, C. H. Cheng, and E. Stad, Spectrochim. Acta

Part A 44, 1369 (1988).

5 D. A. Miller, L. P. Gold, P. D. Tripodi, and R. A. Bernheim, J. Chem. Phys. 92, 5822 (1990).

6 C. He, L. P. Gold, and R. A. Bernheim, J. Chem. Phys. 95, 7947 (1991). See also, B. Barakat, R. Bacis, S. Churassy, R. W. Field, J. Ho, C. Linton, S. Mc Donald, F. Martin, and J. Verc, J. Mol. Spectr. 116, l (1986).
7 K. Urbanski, S. Antonova, A. Yiannopoulou, A. M. Lyyra, L. Li, and W. C. Stwalley, J. Chem. Phys. 104, 2813 (1996). Erratum, J. Chem. Phys. 116, 10559 (2002).

8 X. Wang, J. Magnes, A. M. Lyyra, A. J. Ross, F. Martin, P. M. Dove, and R. J. Le Roy, J. Chem. Phys. 117, 9339 (2002). Erratum, J. Chem. Phys. 120, 3520 (2004).

9 C. Linton, F. Martin, A. J. Ross, I. Russier, P. Crozet, A. Yiannopoulou, L. Li, and A. M. Lyyra, J.

Mol. Spectr. 196, 20 (1999).

10 N. Bouloufa, P. Cacciani, R. Vetter, A. Yiannopoulou, F. Martin, and A. J. Ross, J. Chem. Phys. 114, 8445 (2001).

11 R. J. Le Roy, N. S. Dattani, J. A. Coxon, A. J. Ross, P. Crozet, and C. Linton, J. Chem. Phys. 131, 204309 (2009). See also, M. M. Hessel and C. R. Vidal, J. Chem. Phys. 70, 4439 (1979).
12 S. Huzinaga, J. Chem. Phys. 42, 1293 (1963).

13 T. H. Dunning, JR. J. Chem. Phys. 55, 716 (1971).

Table S1. Energies and the vertical excitation energies of Li2 based on the SAC/SAC-CI calculations published in 1985a at several inter-nuclear distances R. ΔE represents the energy difference in kcal/mol from the RKR potential energy. ΔEX represents the difference in eV from the experimental RKR excitation energy. 

	R (a.u.)
	X1Σg+ state
	
	
	A1Σu+ state
	
	21Σg+ state

	
	SAC-CI
	ΔE (kcal/mol)
	
	
	SAC-CI
	ΔE (kcal/mol)
	Vertical excitation energy (eV)
	
	SAC-CI
	ΔE (kcal/mol)
	Vertical excitation energy (eV)

	
	Energy (a.u.)
	
	
	
	
	Energy (a.u.)
	
	SAC-CI
	ΔEX
	
	Energy (a.u.)
	
	SAC-CI
	ΔEX

	4.0
	-14.89079 
	56.859 
	
	
	
	-14.81001 
	56.667 
	2.19814
	-0.00831 
	
	-14.77611 
	
	3.12060
	

	4.5
	-14.90092 
	57.057 
	
	
	
	-14.82689 
	56.783 
	2.01446
	-0.01188 
	
	-14.79272 
	
	2.94427
	

	4.8
	-14.90368 
	56.899 
	
	
	
	-14.83330 
	56.609 
	1.91514
	-0.01260 
	
	-14.79939 
	(57.790) 
	2.83788
	(0.03861) 

	5.051
	-14.90442 
	56.793 
	
	
	
	-14.83688 
	56.499 
	1.83786
	-0.01276 
	
	-14.80337 
	57.579 
	2.74971
	0.03407 

	5.2
	-14.90435 
	56.731 
	
	
	
	-14.83823 
	56.546 
	1.79922
	-0.00803 
	
	-14.80503 
	57.667 
	2.70263
	0.04058 

	5.5
	-14.90330 
	56.622 
	
	
	
	-14.84037 
	56.328 
	1.71241
	-0.01276 
	
	-14.80792 
	57.537 
	2.59542
	0.03964 

	6.0
	-14.89976 
	56.464 
	
	
	
	-14.84119 
	56.208 
	1.59377
	-0.01110 
	
	-14.81042 
	57.540 
	2.43107
	0.04668 

	6.5
	-14.89504 
	56.350 
	
	
	
	-14.83998 
	56.135 
	1.49826
	-0.00931 
	
	-14.81137 
	57.586 
	2.27678
	0.05360 

	8.0
	-14.88103 
	56.076 
	
	
	
	-14.83115 
	55.984 
	1.35730
	-0.00401 
	
	-14.80960 
	58.108 
	1.94371
	0.08811 

	9.0
	-14.87412 
	56.333 
	
	
	
	-14.82311 
	56.619 
	1.38805
	0.01238 
	
	-14.80454 
	59.554 
	1.89337
	0.13965 

	10.0
	-14.87031 
	56.330 
	
	
	
	-14.81651 
	56.750 
	1.46397
	0.01819 
	
	-14.79750 
	61.556 
	1.98126
	0.22663 

	12.0
	-14.86785 
	56.035 
	
	
	
	-14.80817 
	56.241 
	1.62398
	0.00894 
	
	-14.79121 
	
	2.08548
	

	Averageb
	
	56.546
	
	
	
	
	56.447 
	
	-0.00427 
	
	
	58.391
	
	0.08362

	Max.dif.c
	
	57.057
	
	
	
	
	56.783 
	
	0.01819 
	
	
	61.556
	
	0.22663

	R (a.u.)
	B1Πu state
	
	11Πg state
	
	a3Σu+ state

	
	SAC-CI
	ΔE (kcal/mol)
	Vertical excitation energy (eV)
	
	SAC-CI
	ΔE (kcal/mol)
	Vertical excitation energy (eV)
	
	SAC-CI
	ΔE (kcal/mol)
	Vertical excitation energy (eV)

	
	Energy (a.u.)
	
	SAC-CI
	ΔEX
	
	Energy (a.u.)
	
	SAC-CI
	ΔEX
	
	Energy (a.u.)
	
	SAC-CI
	ΔEX

	4.0
	-14.78661 
	(58.739) 
	2.83488 
	(0.08153) 
	
	-14.76321 
	
	3.47163 
	
	
	-14.82991 
	
	1.65663 
	

	4.5
	-14.80036 
	58.532 
	2.73638 
	0.06395 
	
	-14.78002 
	
	3.28986 
	
	
	-14.84613 
	
	1.49091 
	

	4.8
	-14.80528 
	58.260 
	2.67760 
	0.05902 
	
	-14.78715 
	
	3.17094 
	
	
	-14.85297 
	
	1.37989 
	

	5.051
	-14.80778 
	58.082 
	2.62971 
	0.05590 
	
	-14.79167 
	
	3.06808 
	
	
	-14.85721 
	
	1.28465 
	

	5.2
	-14.80855 
	58.096 
	2.60685 
	0.05919 
	
	-14.79371 
	
	3.01067 
	
	
	-14.85903 
	
	1.23322 
	

	5.5
	-14.80968 
	57.806 
	2.54753 
	0.05132 
	
	-14.79734 
	
	2.88332 
	
	
	-14.86239 
	
	1.11322 
	

	6.0
	-14.80924 
	57.570 
	2.46317 
	0.04796 
	
	-14.80108 
	56.805 
	2.68522 
	0.01482 
	
	-14.86568 
	
	0.92736 
	

	6.5
	-14.80739 
	57.361 
	2.38508 
	0.04385 
	
	-14.80311 
	56.699 
	2.50154 
	0.01513 
	
	-14.86738 
	55.941 
	0.75267 
	-0.01775 

	8.0
	-14.80049 
	56.813 
	2.19160 
	0.03194 
	
	-14.80471 
	56.435 
	2.07677 
	0.01558 
	
	-14.86879 
	55.753 
	0.33307 
	-0.01401 

	9.0
	-14.79617 
	57.500 
	2.12113 
	0.05060 
	
	-14.80301 
	57.116 
	1.93500 
	0.03394 
	
	-14.86776 
	56.265 
	0.17306 
	-0.00299 

	10.0
	-14.79499 
	57.328 
	2.04956 
	0.04327 
	
	-14.80235 
	56.987 
	1.84929 
	0.02848 
	
	-14.86737 
	56.313 
	0.08000 
	-0.000742 

	12.0
	-14.79606 
	56.453 
	1.95351 
	0.01816 
	
	
	
	
	
	
	
	
	
	

	Averageb
	
	57.618 
	
	0.04774 
	
	
	56.808
	
	0.02159
	
	
	56.068
	
	-0.00887

	Max.dif.c
	
	58.532 
	
	0.06395 
	
	
	57.116
	
	0.03394
	
	
	56.313
	
	-0.01775

	R (a.u.)
	13Πu state
	
	b3Σg+ state
	
	13Πg state

	
	SAC-CI
	ΔE (kcal/mol)
	Vertical excitation energy (eV)
	
	SAC-CI
	ΔE (kcal/mol)
	Vertical excitation energy (eV)
	
	SAC-CI
	ΔE (kcal/mol)
	Vertical excitation energy (eV)

	
	Energy (a.u.)
	
	SAC-CI
	ΔEX
	
	Energy (a.u.)
	
	SAC-CI
	ΔEX
	
	Energy (a.u.)
	
	SAC-CI
	ΔEX

	4.0
	-14.84470 
	
	1.25417 
	
	
	-14.80081 
	
	2.44848
	
	
	-14.75118 
	
	3.79898 
	

	4.5
	-14.85173 
	
	1.33853 
	
	
	-14.81780 
	
	2.26181
	
	
	-14.76971 
	
	3.57041 
	

	4.8
	-14.85337 
	
	1.36900 
	
	
	-14.82399 
	56.656 
	2.16848
	-0.01056 
	
	-14.77720 
	
	3.44170 
	

	5.051
	-14.85346 
	
	1.38669 
	
	
	-14.82733 
	56.507 
	2.09773
	-0.01241 
	
	-14.78173 
	
	3.33856 
	

	5.2
	-14.85289 
	
	1.40030 
	
	
	-14.82850 
	56.555 
	2.06398
	-0.00762 
	
	-14.78364 
	
	3.28469 
	

	5.5
	-14.85159 
	
	1.40710 
	
	
	-14.83041 
	56.289 
	1.98344
	-0.01447 
	
	-14.78700 
	
	3.16468 
	

	6.0
	-14.84748 
	
	1.42261 
	
	
	-14.83094 
	56.123 
	1.87269
	-0.01474 
	
	-14.78999 
	
	2.98699 
	

	6.5
	-14.84223 
	
	1.43703 
	
	
	-14.82967 
	56.010 
	1.77881
	-0.01474 
	
	-14.79124 
	
	2.82454
	

	8.0
	-14.82576 
	
	1.50397 
	
	
	-14.82228 
	
	1.59867
	
	
	-14.79233 
	
	2.41365 
	

	9.0
	-14.81537 
	
	1.59867 
	
	
	-14.81615 
	
	1.57744
	
	
	-14.79234 
	
	2.22535 
	

	10.0
	-14.80894 
	
	1.66996 
	
	
	-14.81162 
	
	1.59704
	
	
	-14.79343 
	
	2.09201 
	

	12.0
	-14.80438 
	
	1.72711 
	
	
	-14.80759 
	
	1.63976
	
	
	-14.79647 
	
	1.94235 
	

	Averageb
	
	
	
	
	
	
	56.357
	
	-0.01242
	
	
	
	
	

	Max.dif.c
	
	
	
	
	
	
	56.656
	
	-0.01474
	
	
	
	
	


a Ref. [1].
b Average values of ΔE and ΔEX from this SAC-CI calculations. The total averages of ΔE and ΔEX for all the calculated states were 56.953 kcal/mol and 0.02480 eV, respectively.
c Signed maximum values of ΔE and ΔEX of the same states. Their signed max values of ΔE and ΔEX for all the states calculated in this table were 61.556 kcal/mol of the 21Σg+ state at R=10.0 a.u. and 0.22663 eV of the 21Σg+ state at R=10.0 a.u., respectively.
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