


Singular value decomposition (SVD) and determination of number of absorbing species

During titration experiment only a few absorbing species are present in the measured spectrum (e. g. free
host, complex 1:1, complex 1:2, etc.). Measured spectra (absorbance values) from a titration experiment
could be arranged into Bles X Nexp matrix A, where Nexpis number of titration steps anbkesis number of
discrete points each spectrum consists of.

Assuming spectral shape of these absorbing species is constant during the whole experimentAmatrix
can be viewed as linear combination of matrixob a 2 Nb Ay 3 &ALISOASEAQ aLISOGNI & «
expressed as a matrix product:

A B Y%} ¢ (S1)
where<l' M NesBnd XI' M INexd = X

Columns o¥Z contain spectral shapes of absorbing species and rovscohtain ther fractions during
experiment (each column df sums to 1).NspecStands for number of present absorbing species (for
example:Nspec =3 if only free porphyrin, complex 1:1 and complex 1:2 are present). Correct number of
Nspeccan be deduced frorsingularvaluedecomposition (SVB}**procedure applied to the matri:

A BB EH { (S2)
where agairkl' M NeesBnd XI' M INexd = X

Columns of the square orthonormidles x NesmatrixU are called basis specti/is a rectangular diagonal

Nres X Nexpmatrix. These numbers are denoted as singular values and are sorted in descending order. Rows
of the square orthonormal.es X Nres Mmatrix V are called amplitude vectors. A convenient compact form

of SVD i#\ = UK(where K=WV), where rows oK are calledcombination coefficients

In the presence oNspec @absorbing species in the titration experiment, fifddec basis spectra carry the
information about spectral shape of the absorbing species, Ngst amplitudevectors (or combination
coefficients) carry the information about their fraction in the sample. Remaining parts of the mdtrices
andV or Krepresent noise. Using approximate transformation matrix basis spectra can be transformed
into the matrix of absoring spectraZ and amplitude vectors/combination coeff. into the matrix of
fractionsF1S3S°

The presence dfspecabsorbing species causes filbec Singular values to be substantially higher than
the rest (holds for sufficiently high signal/noise ratidyecis often denoted as the factor dimension).
Another indicator is a plot of residuals that describes average standard error of the SVD appooxohat
measured spectra for given factor dimension. Residuals are defined as féflows.
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Fori =Nspecthe value of the residual drops significantly since all relevant spectra of absorbing species are

included in SVD approximation Af Fori > Nspecthe value of residual does not change much since only

basis vectors which consists mostly of noise are added into SVD approximation. Signal containing basis

and amplitude vectors also tend to have higherauarrelation compared to noise containing vectors.
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The simplest casispec=2 can be easily identified observing plot of mutual dependence of the first two
combination coefficients which should be lin€r.



Table S1Overall results of binding properties bfaind BnOxP as obtained from analysis of-U¥ and
NMR titration experiments with various anioriatervals of acceptable values salt dissociation constants

Ks and hostanion binding constanti.

Host TBA Acceptable rang@ Best fit?

anion Ka/ M Ka/ M Ka/ M Ka/ M-
1 Ct© 3.810%- 7.8 10° 1.310°- .0610° 1.6610° 2.1310°
1 NG 5.08010°%- 1.410° 1.£8100- .®10° 1.410* 1.310°
1 Clo 2.5 10*- 6.7 10" 1.210*- 9110 3.210* 1.510

1 HSG <1.610° >3.310° e ----
BreOxP Ct© 1.6610°%- 2.2810° 2.810- . 1210° 6.9 10° 6.7 10
BreOxP NG 7.08010%- 2. 10* 1.710*- . R10¢ 1.210% 2.2810

@ Acceptable range dfs andKa values as determined by simultaneous analysis of NMR andd Hata.
® Best fit denotes the value of &§ and Ka at which thetotal sum of squares (TS83s minimal.
© Dissociation constant for TBACKis= 1.6(°0.2)2 10°M in CHCb (at 22°Q.%
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Figure S1*H NMR spectra assignmentbf2 mM, 25°Q. (a) Aromatic portion of spectrum in neat CDCI
solvent. (b) Whole spectrum in neat CBsolvent. (c) Aromatic portion of spectrum in CB@th addition

of acetoneds. (d)Whole spectrum in CDGlith addition of acetoneds. Hash mark (#) denotes impurities.
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Figure S2H-'H COSY NMR spectralof2 mM, 25°Q in (a,b) CDgand in (c,d) CDONith addition of
acetoneds. ¢and d resonances are both at one of the hemiquinonoid groups adjacent to imidazole group.
52dz0f S RIF3I3ASNI 6450 VY N RSy20GSa NBaARdzZ &t /1 /¢



No Anion Fluoride Chiloride

G16 B3LYP/6-311G(d,p)
SCRF(IEFPCM; 1,2-DCB)

HOMO -1

-6.44 eV

HOMO

-6.08 eV

HOMO-LUMO Gap  2.07 eV

LUMO

Electrostatic
Potential

D'p‘(’g’eg’;er;'e"t 11.662 33.586 34.953
Figure S3Calculated structures d@. Structures of the HOMO and LUMO orbitals in the absence and
presence of fluoride or chloride anions revealing only minor perturbations by interaction of the anions at
i -substituent. The main effect is global increase in energy level of the orbitals without significant variation
of the HOMGLUMO gap. Substantialdreases in dipole moment suggest increasing ionic character
apparently at the -substituent.



No Anion Chloride@CP Chloride@ Nitrate

G16 B3LYP/6-311G(d,p)
SCRF(IEFPCM; 1,2-DCB)

HOMO
-5.74 eV
HOMO-LUMO Gap  2.09 eV 1.90 eV 2.22 eV 1.96 eV
LUMO

Electrostatic
Potential

Dipole moment
(Debye)

14.052 33.969 23.465

Figure S4Calculated structures df. Structures of the HOMO and LUMO orbitals in the absence and

presence of anions suggest that binding at calix[4]pyretdses somewhahe HOMGLUMOgap, while
OAYRAY AN BG AlGdzSYy i 21LISya A lsubsfitded ikdiehsésihe digole Sidide@ G A 2y |
(similarly to2) more substantially than interaction at calix[4]pyrrole.






