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Discussion on basis set tests and choice of exchange-correlation functional

Basis set tests were performed for the reference compounds (TMS, NHs) in vacuum,
using 6-311++G, 6-311++G(d,p), 6-311++G(2d,2p), 6-311++G(3df,3pd) and analogous
double-zeta basis sets together with the 6-31G(d,p) without diffuse functions. The results are
collected in Table 1S. Addition of diffuse functions has the largest effect on the nitrogen
shielding (8.0 ppm) and influences ">C and 'H chemical shieldings by only 1.2 ppm and 0.6
ppm, respectively. The inclusion of polarization functions has also important effects: When
going from the 6-311++G basis to the 6-311++G(d,p) basis, the chemical shieldings change
by 9.4 ppm for nitrogen, 5.5 ppm for carbon and 0.8 ppm for hydrogen. Addition of
polarization functions in the triple-zeta basis beyond the (d,p) set results in only small
changes for all the atoms. Interestingly, the smallest basis set used here, namely 6-31G(d,p),
produces values for "°N close to those obtained with larger triple-zeta basis sets. This
coincidence, however, may be attributed to a fortuitous error cancellation rather than to the
accuracy of this particular basis.

The above-mentioned triple-zeta basis sets were also tested on histidine in all four
possible protonation states of its imidazole ring and the results are reported in Table 2S.
Similarly to the chemical shieldings of the reference compounds, convergence is essentially
reached with the 6-311++G(d,p) basis set. Also in this case the inclusion of (d,p) polarization
functions into the 6-311++G basis set has important effects, particularly for the unprotonated
ring nitrogens where a chemical shift change of about 30 ppm is observed.

Table 3S contains the chemical shifts for all the histidines using the B3LYP hybrid
functional with the 6-311++G(d,p) basis set. These results show that the choice of this popular

functional has a marginal effect on the chemical shifts when compared to BLYP.
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Table 1S. Basis set influence on the DFT/BLYP computed chemical shieldings [ppm] for the

reference compounds.

NH; ™S
N H C H
6-31G(d,p) 2558  32.0 186.4 315
6-31++G 2707 323 1895  32.3
6-31++G(d,p) 2638 314 1876 314
6-31++G(2d,2p) 2651 314 186.6  31.4
6-31++G(3df,3pd) 2627 314 185.7 313
6-311++G 2642 325 184.1 32.5
6-311++G(d,p) 2548  31.8 1786 317
6-311++G(2d,2p) 2558 317 1787 316
6-311++G(3df3pd) 2564  31.4 179.1 31.5
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Table 3S. Histidine chemical shifts [ppm] in different protonation states calculated with
B3LYP/6-311++G(d,p). The 'H and "*C chemical shifts are referred to TMS, while the '°N

chemical shifts to NHs.

Positive Neutralt Neutraln Negative
C 190.3 185.7 186.7 187.4
Ca 61.1 62.1 61.8 61.4
Cp 34.9 40.9 32.6 48.1
Cy 144.5 149.0 1324 137.5
Cbo 124.0 117.2 135.6 133.4
Ce 135.9 138.6 139.3 154.2
N 47.9 49.2 53.1 36.2
N« 209.6 305.9 187.1 290.2
Nt 186.1 173.8 301.9 290.8
Hd 7.3 6.9 7.1 6.9
He 8.1 7.4 7.4 7.3
Hr 14.2 - 9.1 -
Hrt 9.1 8.1 - -
H (-C o) 3.6 3.3 3.4 3.9
H (-C B) 3.2 2.9 29 3.4

(

(-C B) 3.4 3.0 3.0 2.1
(-N) 15 0.9 1.6 0.2
(-N) 2.2 16 1.0 15
(-0) 7.1 5.6 5.8 5.0
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Figure 2S. Comparison between experimental and DFT chemical shifts [ppm] for a) positive

histidine and b) neutral; histidine. The experimental values are from refs. [21,48] for histidine

crystal samples.
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Figure 3S. Bond lengths of the histidine imidazole ring in BChl-His complex: DFT-

optimized structure (triangles), DFT-partially optimized structure (squares) and X-ray

structure of LH2 [27] (open circles).
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