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S1. Calculated IR spectrum at the level of DFT using the B3LYP functional and potential
energy surface scan
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Fig. S1 Line-broadened IR spectrum (black solid line) of trans, trans, trans-[Pt(N3),(OH),(py).] in
the N3 absorption region with the distribution of the transition intensities (red sticks) at computed
harmonic normal-mode vibration frequency positions. The high-frequency component arises from
the ss mode of the two N3 groups, and the low-frequency component arises from the as mode of the
two Nj groups. The computational method has been given in Section 2.3, and the freely optimized
dihedral angle is 104° (see Table S1).



The potential energy surface of trans, trans, trans-[Pt(N3),(OH),(py);] in gas phase was
scanned by changing the dihedral angle 6 between the two N3 groups (6 = ZN7N6NI9N10, defined in
Fig. S2) with a step of AB = 30° (with a step of AB = 10° for those whose dihedral angles close to the
freely optimized dihedral angle, i.e., 104°). The B3LYP functional was used with the 6-31+G**
basis set for C, H, O, N atoms and the LanL.2DZ basis set and effective core potential for the Pt atom.
At each dihedral angle, structural optimization and vibrational frequency calculation were carried out.

The calculated results were listed in Table S1. Based on the computed transition intensities of
the ss and as modes, it is found that only the structures with 6 = 90 - 110° are in agreement with the
FTIR observation (Table 1). Freely optimized structure has the dihedral angle 6 = 104° that was
initially set to 119° according to the crystallographic structure of this prodrug.! The computed
transition intensities of the ss and as modes of this optimized structure also agrees with FTIR
observation shown in Table 1. Therefore, it is likely that in solution, the dihedral angle 0 is
approximately in the range of 90 - 110°. The calculated diagonal anharmonicities of the as and ss
modes at different dihedral angles are on the same order of 14 - 15 cm™! for these probable structures,
which are found to be ca. within + 5 cm! of the experimentally determined values (Fig. S5 and Table
S3). Both the computed and experimentally determined anharmonicities are smaller than that of free
Nj5-,2 which is also listed in Table S1.

The PBEIPBE method,> 4 a generalized-gradient-approximation exchange correlation
functional proposed by Perdew, Burke, and Ernzerhof, which has been used previously in calculating
vibrational spectra of antitumor drugs,’> was used in this work as a comparison. The basis set used for
C, H, O, N atoms was the same as above, while the SDD and the LanL.2DZ basis set was used for the
Pt atom, respectively. The computational results at this level, which are also listed in Table S1,
basically agree with those using the B3LYP functional.

dihedral angle =0 ° dihedral angle = 104 ° dihedral angle = 180 °
Fig. S2 Structures of the Pt-complex with different dihedral angles (6 = ZN7N6NI9N10, as labeled in

the middle structure) between the two N3 groups. The direction of the transition dipole moment of the

as mode is given in each molecular structure as red arrow. The freely optimized molecular structure (0
= 104°) at the level of B3LYP is given in the middle with atoms labeled.



Table S1 Calculated harmonic vibrational frequency (®pam., in cm!), anharmonic vibrational
frequency (®agharm., in cm!), transition intensity (I, in km-mol'), transition dipole (Dipole, in Debye),
diagonal anharmonicity (A4, in cm™') and the IR intensity ratio (I/I,) of the N3 as and ss modes in
trans, trans, trans-[Pt(N3),(OH),(py),] at different dihedral angles (0, in °) between the two N3 groups
as defined in Fig. S2.

0 Mode  ®harm. I Dipole [ /I, ®anharm.  Adicg.
02 ss 21572 5279 031 20345 21.9
as  2132.6 1087.6 045 049 20289 21.7

304 ss  2160.7 5889  0.33 19659 15.5
as 21414 11809 047 050 19269 145

60 @ ss  2160.0 5032  0.30 2053.6 154
as 21427 12510 048 040 20369 15.1

90 a ss 21593 3580  0.26 2059.8 15.5
as 21447 13565 050 026 20459 15.0

1002 ss 21589 302.1 0.24 2059.4 154
as 21453 13989 051 022 20463 149

1102 ss 21587 2453  0.21 2059.4 155
as 21459 14426 052 0.17 20463 15.1

120 @ ss 21584 189.5  0.19 2047.8 155
as 21463 14862 053 0.13 2036.1 149

150 @ ss 21577 504  0.10 2037.8 155
as 21473 1613.8 055 0.03 2027.8 15.0

180 @ ss 21573 0.0 0 - -
as 21469 16917 056 0.0 -- --

104° ss 21586 2769  0.22 2058.5 15.3
as 21456 14182 051 02 20457 149

106>  ss 22354 2961 023 2140.0 14.5
as  2221.0 14559 051 020 21262 143

104>4  ss 22335 3047  0.23 2136.8 14.6
as  2218.6 14457 051 021 21224 14.1

N; as®  2096.0 26.0

2 Fixed dihedral angle (defined in Fig. S2).

b Optimized dihedral angle, whose IR spectral signature is given in Fig. S1.

¢ Results obtained using the PBE1PBE functional with the SDD basis set for Pt atom.

d Results obtained using the PBE1PBE functional with the Lanl2dz basis set for Pt atom.
¢ Experimentally determined values from a previous work.?
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S2. Potential energy distributions analysis at the level of DFT using the B3LYP functional

Table S2 Harmonic vibrational transition frequency (), transition intensity (I), and potential energy
distributions (PEDs) of certain normal modes of trans, trans, trans-[Pt(N3),(OH),(py).].

®/cm! I/ km-mol! PED #/ %
2158.6 276.9 NoNg s (23), NjiNpo s (23), NyNg s (18), NygNo s (18)
21456 14182 NoNg s (24), N iNyo s (24), NqNg s (18), NygNo s (18)
1332.7 17.7 NoNg s (6), NyNio s (6), NoNg s (15),
NioNo s (15), Pt;No s (6), PtyNg s (6),
1325.1 205.4 NoNg s (11), NyoNo s (11)
1029.7 16.8 H,4C15CrsHy t (8), HaoCroCotHas t (8),
H6Ci5Ci7His t(9), HigCi7C19Hao t (9)
1025.3 99.1 H;0,Pt; b (12), H;O,4Pt; b (12), H;3C{7C19C; t (8)

H4C13CsHy6 t(6), HisCisCi7His t(9),
H,3C7C19Hyg t (9), HyoC19CyHy, t(6)

687.6 3.7 Pt,Ny s (8), PtiNg s (8), Pt;Ny s (6), PtNgN; b (9),
Pt,;NoNijo b (9), Pt;NgN;Ng Ib (13), Pt;N;;NoN, Ib (13),

679.1 1.3 Pt,Ny s (6), Pt;Ng s (6), PtiNy s (6), PtNgN; b (8),
Pt,;NoN o b (8), Pt;NgN;Ng Ib (12), Pt;N; ;N 0N, Ib (12),

588.0 6.7 Pt,;NgN;N; Ib (16), PN, N1oNo Ib (16), NPt NN, t (6),

O,Pt;NoNio t (6), O4Pt;NoNo t (6), N12Pt; NN t (6),
NosPt;NoNjg t (6), O2Pt;NgN5 t (6), O4Pt;NeN; t (6),
NasPt;NgN5 t (6), NioNoNeN5 t (11)
585.6 12 Pt;NgNoN, b (18), Pt;N; NioNo Ib (18), NjaPtNeNy t (6),
O,Pt;NoN o t (6), O4Pt; NN t (6), N1,Pt;NoNg t (6),
NysPtNoN o t (6), OaPt NNy t (6), 0Pt NN, t (6),

NosPtiNeN5 t (6)
374.8 61.5 Pt1N9 S (13), Pt1N6 S (13), PthgN7N6 Ib (5), PthllNl()Ng Ib (5)
24.8 1.4 0,Pt;NoN o t (6), OsPt;NoNyo t (6), NyPtNoN o t (6),

N3Pt NoN g t (6), O2PtNgN; t (6), 0Pt NeN; t (6),
N 2Pt/ NgN7 t (6), NosPt;NgN; t (6), NjoNoNgN7 t (11)
232 1.1 0,PtNoN o t (11), OsPtNoN o t (11), N 2Pt NNy t (11),
NosPtNoN o t (11), O.PENGN; t (11), 4Pt NN t (11),
NPt NN t (11), NasPt NN, t (1)
aPED analysis is computed on the basis of local modes whose contributions are listed in parentheses,

with only = 5 % considered. ‘s’ is short for stretching, ‘b’ is for bending, ‘Ib’ is for linear bending,
‘0’ for out-of-plane, and ‘t’ for twisting. The atomic labelings are shown in the middle of Fig. S2.




S3. Additional Kkinetic fittings to the IR pump-probe signal
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Fig. S3 Kinetic traces and their corresponding fittings of the Nj stretching mode in trans, trans,
trans-[Pt(N3)2(OH)»(py)2] at ®probe = 2010 cm!, 2019 cm! and 2044 cm'! in H,O (upper panel) and
Oprobe = 2001 cm’!, 2009 cm!, 2028 cm™! and 2044 cm™! in DMSO (lower panel). The ®probe
frequency positions for the absorption in both solvents were given in Fig. 2A and 2B as red dashed
lines, the e frequency positions for the bleach of the as mode in H,O and DMSO were given in
Fig. 2A and 2B as blue dashed lines, and the ®,ohe frequency position for the bleach of the ss mode
in DMSO was given in Fig. 2B as gray dashed line.



S4. Solute-solvent interaction
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Fig. S4 A: FTIR spectra of pure H,O (purple curve) and D,O (yellow curve), and trans, trans, trans-
[Pt(N3)2(OH),(py).] solvated in H,O (red curve) and D,0 (green curve) without solvent background
subtracted; B: intensity normalized FTIR spectra of the [Pt(N;),(OH),(py).] complex in H,O (red
curve) and D,O (green curve), both with solvent background subtracted.

The FTIR spectra of the {Pt(N3),} complex in H,O and D,O with solvent background subtracted
are given in Fig. S4. It is clear that the difference between the absorption band in D,0 and H,O is very
small with the latter shifted ca. 1.4 cm™! to the blue side. This may be because the solute-solvent
intermolecular hydrogen bond is stronger in H,O than that in D,0. It is also observed that the linewidth
of the Nj stretching mode in somewhat narrower in D,O (FWHM = 12.9 c¢m!) than that in H,O
(FWHM = 14.3 cm!). Further study is needed to understand these spectral differences.

Fig. S5 Illustrations of solvent-solute interaction of trans, trans, trans-[Pt(N3),(OH),(py).] in DMSO
(left) and in water (right). For simplification, only one solvent molecule is shown in each case.



SS5. Anharmonicity determination from 2D IR spectral slices and transient IR pump-probe
spectrum at 15-ps delay time

]
Aas,ss A $S,SS

1.5 y | T T
10k~ —05ps | 21.9cm" ! 110.0 cm™

. 101 | I \

a | :

& 00 ' :

~— 3 |

< -05} .'.

<] 3

-1.0F A

AA | arb. u.

AA | arb. u.

AA [ arb. u.

[ o 15.0psPP
9.7 cm

AA | arb. u.

[
|
10F E Lo
1

1.5 N L .
1980 2000 2020 040 2060

Frequency / cm™

Fig. S6 Slices of 2D IR spectra at o, = 2048 cm! of trans, trans, trans-[Pt(N3),(OH),(py),] in
DMSO and their fittings along the w; axis at dynamical times of 7= 0.5 ps (A), 3.0 ps (B), 6.0 ps (C)
and 15.0 ps (D) respectively, and the transient pump-probe signal and its fitting at delay time of 15
ps (E) in the range of 1980 - 2060 cm-!. The obtained diagonal anharmonicities of the N3 ss mode in
this Pt-N; complex are marked in red and the apparent off-diagonal-anharmonicities are marked in
blue. As can be seen, the apparent off-diagonal-anharmonicity decreases as dynamical time increases.



Table S3 A summary of diagonal anharmonicity (Agi,g) and apparent off-diagonal anharmonicity

(A'ofr-diag. ), peak position (») and excitation frequency (m.) by fitting 2D IR slices at different
dynamical times (7)) in H,O and DMSO respectively.

Solvent T/ps

Moy / cm’!

o/ cm’!

Adiag. / em!

' 1
Aot diag. / €M

0.2

2044.0

2044.5
2022.8

21.7

H,0 0.7

2044.0

2044.7
2022.4

223

2.0

2044.0

2044.9
2023.8

21.1

0.5

2028.0

2027.2
2007.2

20.0

0.5

2048.0

2045.3
2035.3

10.0

2025.2
2003.3

21.9

3.0

2048.0

2045.0
2035.3

9.7

2026.6
2007.6

19.0

DMSO 6.0

2048.0

2045.5
2035.5

10.0

2027.2
2012.0

15.2

15.0

2048.0

2046.2
2035.7

10.5

2028.4
2018.5

9.9
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