
The challenging conformational landscape of cysteamine···H2O 

revealed by the strong interplay of rotational spectroscopy and 

quantum chemical calculations 

Wentao Song1, Assimo Maris1, Charlotte N. Cummings2, Luca Evangelisti1, Nicholas R. Walker2 and Sonia Melandri1  

1 Dipartimento di Chimica “G. Ciamician”, Università di Bologna, via F. Selmi 2, 40126, Bologna, Italy 

2 Chemistry- School of Natural and Environmental Sciences, Newcastle University, Bedson Building, Newcastle-upon-Tyne, NE1 

7RU, U.K. 

 

Abstract  

A 1:1 molecular complex of cysteamine with water is shown to adopt a cage-like structure where 

cysteamine accepts a relatively strong hydrogen bond from water while also engaging in two additional 

weaker interactions (SH···Ow and CH···Ow). Experimental and theoretical approaches confirm this 

conformer as the global minimum on the potential energy surface. Fitting of key structural parameters to 

experimentally-determined moments of inertia yields consistent and accurate results for rotational and 

14N nuclear quadrupole coupling constants which are shown to be challenging to calculate using ab initio 

methods. Comprehensive analysis of the intermolecular interactions and a thorough comparison with the 

properties of aminoethanol-water is presented, utilizing independent gradient models based on Hirshfeld 

partition, quantum theory of atoms-in-molecules and symmetry-adapted perturbation theory approaches. 

As expected, the OH group of aminoethanol is a stronger hydrogen bond donor than the SH group in 

cysteamine, while the CH···Ow interaction is a key determining factor of the conformational landscape 

in both cysteamine-water and aminoethanol-water complexes. The results show very clearly that the 

synergy between theoretical calculations and experimental results is not only desirable but mandatory to 

get the right answers in such complex conformational surfaces. The results are also a clear benchmark 

for the accuracy of different theoretical methods in assessing the structures and energy order of the 

conformations.  
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Theoretical Methods 

The Conformer-Rotamer Ensemble Sampling Tool (CREST) program was employed for 

conformational space exploration at the GFN2-xTB level of theory 1. Geometry optimizations were 

performed using the GAUSSIAN 16 software (RevC.01 2) at the B3LYP-GD3(BJ)/def2-TZVP and 

MP2/aug-cc-pVTZ level of calculations. The symmetry-adapted perturbation theory (DF-

SAPT2+(3)δMP2/aug-cc-pVTZ 3) was applied using the Psi4 package 4 to calculate the 

intermolecular interaction energy values and derive the corresponding electrostatic, exchange, 

induction, and dispersion components. Electron density was analyzed utilizing both independent 

gradient models based on Hirshfeld (IGMH) partition 5 and the quantum theory of atoms-in-

molecules (QTAIM 6) as implemented in the Multiwfn program7. IGMH represents an advancement 

of the independent gradient model (IGM) 8–10. In this approach, the free-state atomic densities 

implemented in the IGM method are replaced by atomic densities deduced from the real molecular 

electron density using Hirshfeld partition. SAPT, IGMH and QTAIM calculations where applied to 

the molecular complexes optimized at the MP2/aug-cc-pVTZ level of calculation. 

 

Experimental Methods 

The experiment concerning CYS-W was conducted using two distinct spectrometers, namely the 

cavity-based Pulsed Jet Fourier Transform MicroWave (PJ-FTMW, 6 to 18 GHz) spectrometer at 

the University of Bologna, described elsewhere and updated with the FTMW++ set of programs 11–

14, and the Chirped Pulse Fourier Transform Microwave (CP-FTMW, 6.5 to 18.5 GHz) spectrometer 

at the Newcastle University15. In the cavity-based PJ-FTMW spectrometer, Helium was passed over 

the H2O or H2
18O samples maintained at room temperature, with a backing pressure of P0 (He) = 

300 kPa, and then over CYS sample heated to T = 320 K. The gaseous mixture was subsequently 

expanded into the Fabry-Pérot cavity through a solenoid valve (General Valve, Series 9, nozzle 

diameter 0.5 mm) to reach a pressure of approximately 10-3 Pa. The rotational temperature of the 

sample in the supersonic expansion was estimated to be around 2 K. Each rotational transition is 

split by the Doppler effect, due to the molecular beam expansion in the coaxial arrangement of the 

supersonic jet and resonator axes. The rest frequency is evaluated as the arithmetic mean of the 

frequencies of the Doppler components. The estimated accuracy of frequency measurements is 

better than 3 kHz and transitions separated by more than 7 kHz are resolvable. In the case of the 

CP-FTMW, a specialized nozzle furnished with a heating reservoir, was employed for the 

containment of the CYS sample. CYS was heated to 323 K, and argon, either mixed with H2O or 

H2
18O at room temperature, was utilized as a carrier gas to introduce it into the chamber. The 

pressure of argon was set to 300 kPa. In the frequency domain spectrum, an isolated line achieves a 

line width of 100 kHz, with an estimated accuracy of 10 kHz in the center frequencies of the lines 

at full width at half-maximum. 

 

Rotational spectra 

The initial measurements on the complex were conducted employing the cavity-based PJ-FTMW 

spectrometer 11–14. The focus was primarily on the two most stable conformers (#A and #B) but only 

one was observed. Given their high relative energies, it is anticipated that the majority of other 

conformers would exhibit relatively low populations within the context of our experimental setup. 



The recorded rotational transitions displayed the hyperfine structure resulting from the nuclear 

quadrupole coupling (NQC) effect of the 14N atom, as illustrated in Figure 2(b) and (c). Observations 

included a total of 50 transitions comprising µa, µb and µc R-type transition lines with J’max=4, 

Ka’max=2, Kc’max=4. Moreover, the spectrum for the 34S isotopologue was observed in natural 

abundance (4.25%). 

Complementary information was obtained using the broadband CP-FTMW spectrometer at the 

University of Newcastle15. Because of the lower spectral resolution, primarily attributed to the 

perpendicular alignment of the jet plume and the axis of radiation propagation, only a minor portion 

of the observed transitions showed a resolved, albeit only partly, nuclear hyperfine structure, and 

for these transitions in the majority of cases, we could discern only three lines of blended hyperfine 

components (two of them are shown in Figure 1(b) and (c)). Several µa, µb and µc R-type and µb 

Q-type transition lines were observed (J’max=5, Ka’max=4, Kc’max=5) and 41 new transitions were 

identified. 

Finally, using enriched H2
18O, the 18O isotopologue of CYS-W was detected with both PJ-FTMW 

and CP-FTMW; a total of 15 lines was detected. The portion of the broadband spectrum recorded 

with the CP-FTMW spectrometer is reported in Figure 2.  

Cysteamine molecular structure 

In order to obtain more information on the forces governing the structure of CYS and its 

complexes, we performed a structural fit on the five conformers of CYS monomer based on the 

experimental rotational constants reported by Song et. al.16 and the equilibrium structures 

calculated at the MP2/aug-cc-pVTZ level (all data reported in Table S9).  

By applying the procedure described in the previous section we could obtain the re and r0 

parameters summarized in Tables S10-S13 of the supporting information. 

The comparison of planar moment of inertia (Table S14) indicates that the experimental 

Maa values of all 5 observed conformers exceed the calculated ones by about 2 uÅ², while Mbb 

and Mcc of them have no significant changes, which means that the structure of the molecule is 

expanded along the a-axis direction compared to theoretical (re) structure. By comparison of 

the theoretical equilibrium structures, we can classify the structures according to the trans or 

gauche orientation of the amino group. Indeed, the α(NCC) angle is significantly higher for 

Conf1-gGt and Conf5-g'Gt than Conf2-gGg, Conf3-g'Gg and Conf4-g'Gg' (116° vs 110°). 

As concerns the structural changes upon water complexation, we compare the geometries of 

CYS Conf3-g'Gg and CYS-W Conf #A. It is worth noting that the α(NCC) angle is expected 

to remain almost unchanged while structural fit suggests an increase of about 3.5°. The 

substantial disparity between the expected and observed values of the NQC constants can be 

attributed to this significant divergence.  

Subsequently, we conducted a comparison between the experimental and theoretical 

monomer structures of AE. Upon analyzing the planar moment of inertia for both structures, 

we observed a phenomenon similar to that of CYS: the molecular skeleton exhibits a slight 

expansion along the a-axis compared to theoretical predictions. 

 

 



Tables 

Table S1. Experimental transition frequencies (ν), obs-calc. values (Δν) and the experimental 

accuracy of CYS-W. 

J' Ka' Kc' F' J Ka Kc F ν (MHz) Δν(MHz) Err. J' Ka' Kc' F' J Ka Kc F ν (MHz) Δν(MHz) Err. 

2 0 2 2 1 0 1 2 8073.393 0.000 0.005 3 0 3 3 2 1 2 3 11112.087 0.001 0.005 

2 0 2 2 1 0 1 1 8073.434 0.002 0.005 3 0 3 2 2 1 2 1 11112.337 0.000 0.005 

2 0 2 3 1 0 1 2 8073.571 0.001 0.005 3 0 3 3 2 1 2 2 11112.368 -0.004 0.005 

2 0 2 1 1 0 1 0 8073.611 0.002 0.005 3 0 3 4 2 1 2 3 11112.391 0.001 0.005 

2 0 2 1 1 0 1 1 8073.706 -0.002 0.005 3 0 3 2 2 1 2 2 11112.783 0.001 0.005 

2 1 2 3 1 1 1 2 7634.665 -0.005 0.020 3 1 3 3 2 0 2 2 11739.200 -0.002 0.005 

2 1 1 1 1 1 0 1 9144.694 0.003 0.005 3 1 3 4 2 0 2 3 11739.367 -0.001 0.005 

2 1 1 2 1 1 0 1 9145.066 -0.005 0.005 3 1 3 2 2 0 2 1 11739.395 0.005 0.005 

2 1 1 3 1 1 0 2 9145.096 0.002 0.005 3 1 3 2 2 0 2 2 11739.661 -0.004 0.005 

2 1 1 1 1 1 0 0 9145.362 0.003 0.005 3 2 2 3 2 1 1 2 15272.193 0.007 0.020 

2 1 2 2 1 0 1 2 8530.287 0.002 0.005 3 2 2 4 2 1 1 3 15272.427 -0.003 0.020 

2 1 2 2 1 0 1 1 8530.324 0.000 0.005 3 2 2 2 2 1 1 1 15272.575 0.010 0.020 

2 1 2 3 1 0 1 2 8530.574 0.003 0.005 4 0 4 4 3 0 3 3 14940.153 0.051 0.020 

2 1 2 1 1 0 1 0 8530.672 0.002 0.005 4 0 4 5 3 0 3 4 14940.153 -0.028 0.020 

2 1 2 1 1 0 1 1 8530.768 -0.001 0.005 4 0 4 3 3 0 3 2 14940.153 -0.020 0.020 

2 1 1 1 1 0 1 0 10795.999 0.003 0.005 4 2 3 5 3 2 2 4 16522.221 0.020 0.020 

2 1 1 1 1 0 1 1 10796.098 0.003 0.005 4 2 3 3 3 2 2 2 16522.221 0.006 0.020 

2 1 1 3 1 0 1 2 10796.189 -0.002 0.005 4 0 4 3 3 1 3 2 14770.170 -0.011 0.020 

2 1 1 2 1 0 1 2 10796.430 -0.004 0.005 4 0 4 5 3 1 3 4 14770.170 -0.033 0.020 

2 1 1 2 1 0 1 1 10796.474 0.000 0.005 4 0 4 4 3 1 3 3 14770.170 0.006 0.020 

2 2 1 2 1 1 0 1 11832.544 0.001 0.005 4 1 4 4 3 0 3 3 14992.047 -0.002 0.005 

2 2 1 3 1 1 0 2 11832.770 0.002 0.005 4 1 4 3 3 0 3 2 14992.136 0.002 0.005 

2 2 1 1 1 1 0 0 11833.145 0.000 0.005 4 1 4 5 3 0 3 4 14992.136 -0.003 0.005 

2 2 0 1 1 1 1 0 12903.770 -0.006 0.005 4 1 3 3 3 2 2 2 15551.218 -0.003 0.005 

2 2 0 3 1 1 1 2 12904.213 -0.002 0.005 4 1 3 5 3 2 2 4 15551.239 0.002 0.005 

2 2 0 1 1 1 1 1 12904.345 0.001 0.005 4 1 3 4 3 2 2 3 15551.299 0.002 0.005 

2 2 0 2 1 1 1 2 12904.397 0.004 0.005 4 2 3 4 3 1 2 3 18338.519 0.008 0.020 

2 2 0 2 1 1 1 1 12904.621 0.001 0.005 4 2 3 5 3 1 2 4 18338.772 0.032 0.020 

3 0 3 3 2 0 2 3 11569.083 -0.004 0.005 4 2 3 3 3 1 2 2 18338.772 -0.043 0.020 

3 0 3 3 2 0 2 2 11569.264 0.000 0.005 4 2 3 5 4 1 4 5 7955.699 -0.024 0.020 

3 0 3 4 2 0 2 3 11569.390 0.000 0.005 4 4 0 4 4 3 1 4 8009.922 0.011 0.020 

3 0 3 2 2 0 2 2 11569.671 -0.003 0.005 4 4 0 3 4 3 1 3 8010.024 -0.005 0.020 

3 1 3 2 2 1 2 1 11282.340 0.011 0.020 4 4 0 5 4 3 1 5 8010.024 0.019 0.020 

3 1 3 3 2 1 2 2 11282.340 0.030 0.020 4 4 1 5 4 3 2 5 8554.494 -0.017 0.020 

3 1 3 4 2 1 2 3 11282.340 -0.027 0.020 4 4 1 4 4 3 2 4 8554.494 -0.026 0.020 

3 1 2 3 2 1 1 2 13455.823 0.001 0.005 4 4 1 3 4 3 2 3 8554.494 -0.015 0.020 

3 1 2 4 2 1 1 3 13455.891 0.000 0.005 5 0 5 4 4 0 4 3 18337.379 -0.008 0.020 

3 1 2 2 2 1 1 1 13455.964 -0.001 0.005 5 0 5 5 4 0 4 4 18337.379 0.029 0.020 

3 1 2 3 2 1 1 3 13456.062 -0.004 0.005 5 0 5 6 4 0 4 5 18337.379 -0.019 0.020 



3 2 1 4 2 2 0 3 13599.786 0.008 0.020 5 0 5 4 4 1 4 3 18285.452 0.025 0.020 

3 2 1 2 2 2 0 1 13599.786 0.001 0.020 5 0 5 5 4 1 4 4 18285.452 0.049 0.020 

           5 0 5 6 4 1 4 5 18285.452 0.012 0.020 

           5 3 3 6 5 2 4 6 8398.277 -0.011 0.020 

           5 3 3 4 5 2 4 4 8398.277 0.027 0.020 

 

Table S2. Experimental transition frequencies (ν), obs-calc. values (Δν) and the experimental 

accuracy of the 18O and 34S isotopologue CYS-W. 

18O                      

J' Ka' Kc' F' J Ka Kc F ν(MHz) Δν(MHz) Err. J' Ka' Kc' F' J Ka Kc F ν(MHz) Δν(MHz) Err. 

2 0 2 2 1 0 1 2 7760.715 -0.001 0.005 3 0 3 3 2 1 2 2 10641.147 0.003 0.005 

2 0 2 2 1 0 1 1 7760.882 -0.004 0.005 3 0 3 4 2 1 2 3 10641.212 0.004 0.005 

2 0 2 3 1 0 1 2 7760.983 -0.004 0.005 2 2 1 1 1 1 0 1 11554.955 0.007 0.005 

2 0 2 1 1 0 1 1 7761.312 0.005 0.005 2 2 1 2 1 1 0 1 11555.233 0.001 0.005 

2 1 2 2 1 0 1 2 8257.350 -0.001 0.005 2 2 1 3 1 1 0 2 11555.336 0.004 0.005 

2 1 2 2 1 0 1 1 8257.520 -0.001 0.005 2 2 1 1 1 1 0 0 11555.652 -0.002 0.005 

2 1 2 3 1 0 1 2 8257.644 -0.010 0.005 2 2 0 1 1 1 1 0 12557.676 -0.002 0.005 

           2 2 0 3 1 1 1 2 12557.994 -0.003 0.005 

34S                      

J' Ka' Kc' F' J Ka Kc F ν(MHz) Δν(MHz) Err. J' Ka' Kc' F' J Ka Kc F ν Δν(MHz) Err. 

2 1 2 2 1 0 1 1 8417.886 0.003 0.005 3 0 3 4 2 1 2 3 10902.630 0.002 0.005 

2 1 2 3 1 0 1 2 8418.172 -0.002 0.005 3 0 3 3 2 1 2 2 10902.630 0.000 0.005 

2 0 2 2 1 0 1 1 7936.132 0.003 0.005 3 1 3 3 2 0 2 2 11570.104 0.000 0.005 

2 0 2 3 1 0 1 2 7936.274 -0.004 0.005 3 1 3 4 2 0 2 3 11570.296 0.000 0.005 

2 2 0 3 1 1 1 2 12758.519 -0.003 0.005            

2 2 0 2 1 1 1 1 12758.945 0.003 0.005            

 

Table S3. Comparison of spectroscopic parameters for CYS-W: theoretical (MP2/aug-cc-pVTZ), 

semiempirical (calculated from r0) and experimental values. 

 

Theoretical Semiempirical  Experimental. 
(Exp. −Theo)

Exp.
 
(Exp. −Semiemp. )

Exp.
 

A(MHz) 3408.5978 3371.3468 3370.993(1) -1.1% 0.0% 

B(MHz) 2605.0957 2475.4091 2475.1442(8) -5.3% 0.0% 

C(MHz) 1802.7368 1719.8258 1719.8490(5) -4.8% 0.0% 

χaa(MHz) 0.0760 -0.1300 -0.1311 158.0% 0.9% 

χbb(MHz) -1.0213 -0.6783 -0.7580 -34.7% 10.5% 

χcc(MHz) 0.9452 0.8084 0.8891 -6.3% 9.1% 

 

  



Table S4. Experimental and theoretical (MP2/aug-cc-pVTZ) NQC constants (MHz) for CYS and 

AE. 

 

 

Table S5. Experimental spectroscopic parameters for CYS-W isotopologues (S-red, Ir-rep.) and 

derived Kraitchman’s substitution coordinates (rs) of O and S atoms compared to the theoretical 

equilibrium values (re) and semi-experimental values (r0). 

 CYS (34S)-W MP2(re) MP2(r0) CYS-W(18O) MP2(re) MP2(r0) 

A (MHz) 3344.90(2)a 3387.23 3345.46 3301.0786(7) 3328.23 3300.36 

B (MHz) 2425.919(4) 2549.49 2425.98 2370.567(2) 2503.86 2370.35 

C (MHz) 1691.0349(6) 1772.13 1691.17 1652.1879(6) 1733.44 1652.08 

DJ (kHz) [5.27]b   [5.27]   

DJK (kHz) [-14.0]   [-14.0]   

DK (kHz) [16.3]   [16.3]   

d1 (kHz) [2.05]   [2.05]   

1.5χaa (MHz) {0}c 0.32 0.00 -0.851(11) -0.64 -0.86 

0.25(χbb-χcc) 

(MHz) 

-0.452(6) -0.53 -0.41 -0.329(3) 0.39 -0.29 

Nd 10   15   

σe (kHz) 2.4   2.8   

a (Å) ±1.415(1) 1.425 1.415(6) ±2.0711(7) -2.011 -2.071(4) 

b (Å) ±0.746(2) -0.590 0.737(2) ±1.354(1) -1.198 1.358(3) 

c (Å) ±0.277(5) -0.277 -0.301(6) ±0.212(7) 0.219 0.250(3) 

aStandard errors in parentheses in units of the last digit; bParameters in square brackets are fixed to the value of the parent species; 

cParameters in curly brackets are fixed to 0; dNumber of transitions in the fit; eStandard error deviation of the fit. 

Table S6. Theoretical equilibrium structure (re) and fitted r0 parameters of CYS-W. 
   

  re (MP2/aug-cc-pVTZ) r0 
    

de [Å] αe [∘] τe [∘] d0 [Å] α0 [∘] τ0 [∘] 

C1 N1 

  

1.469 

     

C2 C1 N1 

 

1.520 110.517 

  

114(1)  

 

S4 C2 C1 N1 1.824 112.952 57.804 

 

112.4(8) 

 

H1 N1 C1 C2 1.013 110.069 172.669 

   

H2 N1 H1 C1 1.016 106.637 -117.186 

   

H3 C1 C2 S4 1.095 109.178 -66.333 

   

H4 C1 C2 S4 1.092 108.645 176.182 

   

H5 C2 C1 N1 1.089 109.769 176.277 

   

H6 C2 C1 N1 1.088 111.151 -63.416 

   

 Exp. Theo. Exp. Theo. 

 CYS-g’Gg 16 CYS-g’Gg AE-g’Gg’ 17 AE-g’Gg’. 

χaa 1.743(2) 1.807 -1.819(4) 0.400 

χbb 2.535(3) 2.533 1.935(4) -1.368 

χcc -4.277(3) -4.320 -0.116(4) 1.766 



H7 S4 C2 C1 1.340 95.332 -89.347 

   

O12 S4 C2 C1 3.470 66.073 -85.966 3.583(7) 68.0(7)  -82.8(9) 

H8 O12 S4 C2 0.981 72.025 59.805 

   

H9 O12 H8 S4 0.961 105.576 -157.270 

   

 

Table S7. Experimental and theoretical (MP2/aug-cc-pVTZ) spectroscopic parameters for AE-W. 

EXP  MEA-H2O-217 MEA-H2O-117 MEA-H2O-317 

A/MHz  4886.463(2) 4796.948(4) 6154.586(1) 

B/MHz  3356.059(2) 3352.678(4) 2322.1211(7) 

C/MHz  2311.709(2) 2132.416(3) 2064.7071(6) 

χaa/MHz  -1.819(4) -2.175(5) 0.842(3) 

χbb-χcc/MHz  2.051(7) -0.79(1) 1.310(7) 

rDSD//B3  Isomer 117 Isomer 217 Isomer 417 

A0/MHz  4882 4765 6104 

B0/MHz  3334 3366 2307 

C0/MHz  2281 2162 2052 

χaa,0/MHz  -1.609 -2.318 0.825 

χbb,0-χcc,0/MHz  2.316 -0.825 1.523 

B3LYP-D3(BJ)/def2-

TZVP 

#A Isomer 117 Isomer 217 Isomer 417 

Ae/MHz 4882.10 4915 4754 5888 

Be/MHz 3484.63 3444 3495 2458 

Ce/MHz 2381.39 2337 2179 2153 

χaa,e/MHz -2.368 -1.8 -2.6 0.75 

χbb,e-χcc,e/MHz 1.983 2.4 -0.9 1.9 

ΔEe/kJ mol-1 3.16 2.2 0 11.1 

ΔE0/MHz 3.56 2.5 0 8.7 

MP2/aug-cc-pVTZ #A #A’ #D #E 

Ae/MHz 4911.60 4989.87 4819.47 6023.39 

Be/MHz 3506.69 3435.52 3468.81 2493.80 

Ce/MHz 2421.20 2357.10 2187.81 2194.33 

χaa,e/MHz -2.119 -1.446 -2.148 0.806 

χbb,e-χcc,e/MHz 1.778 2.372 -0.722 1.221 

ΔEe/MHz 0 0.24 0.07 5.92 

 

Table S8. Theoretical intermolecular binding and interaction energies (kJ·mol–1) for CYS···W and 

the g'Gg'-AE···W. 

 CYS-W #A CYS-W #B CYS-W #C CYS-W #D AE-W #A AE-W #A’ AE-W #D 

IESAPTΔ -43.3 -39.5 -35.0 -36.7 -52.5 -51.5 -51.5 

Electrostatic -71.5 -65.1 -56.5 -68.8 -88.1 -88.3 -99.4 

Induction -24.1 -21.8 -19.0 -23.5 -29.0 -31.5 -35.3 

Dispersion -25.8 -21.6 -16.9 -23.4 -27.9 -30.7 -28.4 



Exchange-

repulsion 

78.1 69.0 57.4 79.0 92.6 105.4 111.6 

 

Table S9. Experimental and theoretical rotational constants (MHz) of the five observed conformers 

of CYS monomer. 
  

A B C 

gGt Calc 11868.823 3347.1645 2897.0667 
 

Exp 11852.906 3310.634 2866.471 

  Exp-calc -16 -37 -31 
 

Exp-calc/Exp -0.13% -1.10% -1.07% 

gGg Calc 11996.155 3414.5397 2937.5716 
 

Exp 12008.0185 3363.5781 2898.8592 

  Exp-calc 11.8635 -50.9616 -38.7124 
 

Exp-calc/Exp 0.10% -1.52% -1.34% 

g’Gg Calc 11879.984 3465.371 2921.2263 
 

Exp 11932.433 3394.998 2877.8302 

  Exp-calc 52.449 -70.373 -43.3961 
 

Exp-calc/Exp 0.44% -2.07% -1.51% 

g’Gg’ Calc 12015.301 3413.4884 2925.5367 
 

Exp 12042.9 3352.2284 2881.9906 

  Exp-calc 27.599 -61.26 -43.5461 
 

Exp-calc/Exp 0.23% -1.83% -1.51% 

g’Gt Calc 11919.841 3339.3105 2858.5937 
 

Exp 11944.628 3292.205 2827.008 

  Exp-calc 24.787 -47.1055 -31.5857 
 

Exp-calc/Exp 0.21% -1.43% -1.12% 

 

Table S10. Theoretical equilibrium structure (re, MP2/aug-cc-pVTZ) and fitted r0 parameters of 

CYS-gGt. 

 

   

re r0 

        de [Å] αe [∘] τe [∘] d0 [Å] α0 [∘] τ0 [∘] 

N 

         

C1 N 

  

1.455 

     

C2 C1 N 

 

1.527 115.882 

    

S C2 C1 N 1.821 113.190 59.910 1.8351(6) 113.78(6) 59.3(1) 

H N C1 C2 1.014 110.170 63.448 

   

H N H C1 1.015 106.531 118.455 

   

H C1 C2 S 1.092 108.841 -62.260 

   

H C1 C2 S 1.092 108.429 -178.159 

   

H C2 C1 N 1.091 110.298 -56.968 

   

H C2 C1 N 1.090 111.273 -176.656 

   

H S C2 C1 1.339 96.059 67.023       



 

Table S11. Theoretical equilibrium structure (re) and fitted r0 parameters of CYS-gGg. 
 

      re (MP2/aug-cc-pVTZ) r0 

        de [Å] αe [∘] de [Å] αe [∘] de [Å] αe [∘] 

N 

         

C1 N 

  

1.458 

  

1.465(3) 

  

C2 C1 N 

 

1.518 109.835 

 

1.522(4) 110.4(1) 

 

S C2 C1 N 1.822 113.080 -63.033 1.826(3) 113.6(1) -63.0(1) 

H N C1 C2 1.012 110.703 179.533 

   

H N H C1 1.015 107.111 118.930 

   

H C1 C2 S 1.092 108.281 178.951 

   

H C1 C2 S 1.098 107.455 117.326 

   

H C2 C1 N 1.090 109.639 53.503 

   

H C2 C1 N 1.088 108.695 -121.885 

   

H S C2 C1 1.339 96.069 -68.208       

 

Table S12. Theoretical equilibrium structure (re) and fitted r0 parameters of CYS-g’Gg. 

 
 

      re (MP2/aug-cc-pVTZ) r0 

        de [Å] αe [∘] τe [∘] d0 [Å] α0 [∘] τ0 [∘] 

N 

         

C1 N 

  

1.461 

  

1.465(3) 

  

C2 C1 N 

 

1.518 110.188 

 

1.525(4) 110.5(2) 

 

S C2 C1 N 1.822 113.151 -61.706 1.825(3) 113.5(2) 63.2(1) 

H N C1 C2 1.013 110.361 -169.057 

   

H N H C1 1.014 106.421 118.471 

   

H C1 C2 S 1.092 108.231 -179.521 

   

H C1 C2 S 1.096 107.788 117.592 

   

H C2 C1 N 1.088 110.676 60.477 

   

H C2 C1 N 1.090 108.630 -121.361 

   

H S C2 C1 1.337 96.110 76.405       

 

Table S13. Theoretical equilibrium structure (re) and fitted r0 parameters of CYS-g’Gg’. 
 

      re (MP2/aug-cc-pVTZ) r0 

        de [Å] αe [∘] τe [∘] d0 [Å] α0 [∘] τ0 [∘] 

N 

         

C1 N 

  

1.463 

     

C2 C1 N 

 

1.520 109.950 

    

S C2 C1 N 1.818 112.548 63.953 1.834(7) 113.9(7) 63(1) 

H N C1 C2 1.012 110.802 -168.261 

   

H N H C1 1.014 106.751 120.112 

   



H C1 C2 S 1.090 108.997 -54.338 

   

H C1 C2 S 1.097 107.968 117.630 

   

H C2 C1 N 1.089 110.228 -177.842 

   

H C2 C1 N 1.091 107.894 -120.471 

   

H S C2 C1 1.340 93.946 -45.592       

 

Table S14. Planar moment of inertia (uÅ2) for five conformers of CYS, CYS-W, AE and AE-W. 
 

Maa Mbb Mcc 
 

re r0 r0- re re r0 r0- re re r0 r0- re 

gGt 141.43 143.16 1.74 33.02 33.15 0.13 9.56 9.49 -0.07 

gGg 138.96 141.25 2.29 33.08 33.09 0.01 9.05 9.00 -0.05 

g’Gg 138.15 141.06 2.91 34.85 34.55 -0.30 7.69 7.80 0.11 

g’Gg’ 139.37 142.08 2.71 33.38 33.28 -0.10 8.68 8.68 0.00 

g’Gt 142.87 144.98 2.11 33.92 33.79 -0.14 8.47 8.52 0.05 

CYS-W 163.0 174.1 11.02 117.3 119.8 2.49 31.0 30.1 -0.83 

AE 81.6 83.4 1.83 27.2 27.1 -0.05 7.7 7.7 -0.01 

AE-W 135.9 132.9 -3.01 95.1 85.7 -9.37 9.8 17.7 7.90 
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Figure S1. Structures, relative energies, rotational constants (A/B/C in MHz) and total dipole moments 

of the 39 non-equivalent conformers of cysteamine calculated at the B3LYP- GD3(BJ)/Def2TZVP level.  

 

Figure S2. Structure of g'Gg-CYS-W (#A). The parameters of ab initio equilibrium structure re are shown 

in square brackets and the parameters of pseudo-r0 structure are shown without square brackets. The 

black values represent the fitted values and the orange values represent the derived values. Errors of fitted 

values are in parentheses. re (CH-O)=2.541Å, pseudo-r0(CH-O)=2.742 Å. 



 

Figure S3. IGMH analysis results of the four most stable conformers of CYS-W. Three-dimensional 

isosurface and 2-D scatter plots. Isosurfaces are depicted at δg isovalue of δg = 0.01 a.u. (δg is a function 

of electron density gradient reflecting the interaction) and scatter plots are colored on a BGR scale 

corresponding to the −0.05 < sign(λ2) ρ < 0.05 range. Essentially, IGMH employs the three-

dimensional function to depict the interaction region between atoms. 

 

 

Figure S4. IGMH analysis results of AE-W #A (a), AE-W #A’ (b) and AE-W #D (c). Three-dimensional 

isosurfaces and 2-D scatter plots. Three-dimensional isosurface and 2-D scatter plots. Isosurfaces are 

depicted at δg isovalue of δg = 0.01 a.u. (δg is a function of electron density gradient reflecting the 

interaction) and scatter plots are colored on a BGR scale corresponding to the −0.05 < sign(λ2) 

ρ < 0.05 range. Essentially, IGMH employs the three-dimensional function to depict the interaction 



region between atoms. 
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