
S1

New Journal of Chemistry

Supporting Information

Vaporization enthalpy, long-term evaporation and 

evaporation mechanism of polyethylene glycol-based deep 

eutectic solvents 

Yu Chen*,a, Qian Wang a, Zhenghui Liu b, Zheng Li a, Wenjun Chen c, Liyang Zhou a, Jiaqing Qin a, Yaxin Meng a, 

Tiancheng Mu*,c

1 Department of Chemistry and Material Science, Langfang Normal University, Langfang 065000, Hebei, P.R. 

China. 
2 Department of Chemistry, Taizhou University, Taizhou 318000, Zhejiang, P.R. China.
3 Department of Chemistry, Renmin University of China, Beijing 100872, P.R. China. 

* Yu Chen, E-mail: yuchen@iccas.ac.cn; Phone: +86-316-2188211; Fax: +86-316-2112462.
* Tiancheng Mu, E-mail: tcmu@ruc.edu.cn; Phone: +86-10-62514925; Fax: +86-10-62516444.

Electronic Supplementary Material (ESI) for New Journal of Chemistry.
This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2020



S2

Contents

Density measurement................................................................................................................................................4

Figure S1. Effect of temperature on the density of PEG-based DESs. All DESs (a), mol ratio by PEG200:NMA (b), 

mol ratio by PEG200:LA (c), molecular weight (d), composition (e) and HBD (f). The data of density is fitted by 

the equation of ρ=aT+b, where ρ, a, T and b mean density (g cm-3), slope (g cm-3 K-1), temperature (K) and 

intercept (g cm-3), respectively. .................................................................................................................................5

Figure S2. Solubility parameter of PEG-based DESs at 298.15 K in sequence (a) and the investigation of factors 

affecting solubility parameter, such as mol ratio by PEG200:NMA, mol ratio by PEG200:LA, molecular weight by 

PEG:thiourea, composition and HBD (b). ..................................................................................................................6

Table S1. Comparison of Δl
gHm

0 for ionic liquids, organic solvents and DESs in this work at 298.15 K.a .................7

Figure S3. Mass loss rate dm/dt of DES PEG200:NMA (1:2) at different temperature within the first 60 min. .....9

Details for the successful synthesis of PEG-based DESs..........................................................................................10

Figure S4. Overlapped comparison of IR spectra for NMA, PEG200 and PEG200:NMA (1:2). ...............................12

Figure S5. IR spectra of NMA as a function of time. ...............................................................................................13

Figure S6. Difference IR spectra of NMA as a function of time. .............................................................................13

Figure S7. IR spectra of PEG200 as a function of time. ...........................................................................................14

Figure S8. Difference IR spectra of PEG200 as a function of time. .........................................................................14

Figure S9. IR spectra of DES PEG200:NMA (1:2) as a function of time. ..................................................................15

Figure S10. Difference IR spectra of DES PEG200:NMA (1:2) as a function of time. ..............................................15

Figure S11. Normalized IR spectra of NMA, PEG200 and DES PEG200:NMA (1:2) at 600 min. The grey- and 

yellow-colored area is the characteristic peak in PEG200:NMA (1:2) attributed to NMA and PEG200 without the 

interference with each other, respectively. ............................................................................................................16

Figure S12. Band shift of normalized IR spectra for PEG200 or NMA after forming DES PEG200:NMA (1:2) in the 

wavenumber range of 1340~1200 cm-1...................................................................................................................17

Figure S13. Band shift of normalized IR spectra for PEG200 or NMA after forming DES PEG200:NMA (1:2) in the 

wavenumber range of 1200~800 cm-1.....................................................................................................................17

Table S2. Cartesian coordinates of all the optimized species by the Gaussian calculation (i.e., output file) for 

NMA at b3lyp/6-311++g(d, p). .................................................................................................................................18

Table S3. Cartesian coordinates of all the optimized species by the Gaussian calculation (i.e., output file) for 

NMA+NMA at b3lyp/6-311++g(d, p). ......................................................................................................................19

Table S4. Cartesian coordinates of all the optimized species by the Gaussian calculation (i.e., output file) for 

PEG200 at b3lyp/6-311++g(d, p)..............................................................................................................................20

Table S5. Cartesian coordinates of all the optimized species by the Gaussian calculation (i.e., output file) for 

PEG200+PEG200 at b3lyp/6-311++g(d, p). ..............................................................................................................21

Table S6. Cartesian coordinates of all the optimized species by the Gaussian calculation (i.e., output file) for 

PEG200:NMA (1:2) at b3lyp/6-311++g(d, p)............................................................................................................23

Figure S14. Charge distribution (a) and bond length with the unit of Å (b) for NAM, PEG200 and PEG200:NMA 

(1:2) at the level of b3lyp/6-311++g(d, p). ..............................................................................................................25

Figure S15. Bond length of NMA-NMA....................................................................................................................26

Figure S16. Charge distribution of NMA-NMA. .......................................................................................................26

Figure S17. HOMO energy of NMA-NMA. ...............................................................................................................27



S3

Figure S18. ESP of NMA-NMA. .................................................................................................................................27

Figure S19. Bond length of PEG200-PEG200............................................................................................................28

Figure S20. Charge distribution of PEG200-PEG200. ...............................................................................................28

Figure S21. LUMO energy of PEG200-PEG200. ........................................................................................................29

Figure S22. ESP of PEG200-PEG200..........................................................................................................................29

Figure S23. Simulated IR spectra of PEG200, NMA and PEG200:NMA (1:2)...........................................................30

Figure S24. Simulated normalized IR spectra of PEG200, NMA and PEG200:NMA (1:2) in the wavenumber range 

of 3900~3500 cm-1....................................................................................................................................................30

Table S7. Simulated IR peak and intensity of PEG200, NMA and PEG200:NMA (1:2). ..........................................31

References in Supporting Information: ................................................................................................................34



S4

Density measurement 

The measured density of water at 298.15 K was 0.99750 g cm-3, which was nearly the same as 

the reported 0.9974[1] or 0.9971 g cm-3[2] in the same condition. The maximal uncertainty of 

the measured density was 0.005%. The value and error bar of the density were displayed with 

the two-time averaged data and the standard deviation, respectively, by choosing 

representative DESs PEG200:thiourea (4:1) and PEG400:thiourea (4:1). Density meter should 

be placed in the glove box for the purpose of totally avoiding the water interference. However, 

it was very difficult for us to load the density meter into the glove box. Therefore, the 

following process was adopted for minimizing the effect of moisture on the density of DESs. 

Namely, during the density-measuring process, the DESs were first extracted with the plastic 

syringe in the glove box. After the density meter was ready for measurement, plastic syringe 

loading with DESs were token outside the glove box to inject DESs into the densimeter 

nearby immediately. During the above processes, the effect of moisture on the density of 

DESs could be minimalized.  
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Figure S1. Effect of temperature on the density of PEG-based DESs. All DESs (a), mol 

ratio by PEG200:NMA (b), mol ratio by PEG200:LA (c), molecular weight (d), 

composition (e) and HBD (f). The data of density is fitted by the equation of ρ=aT+b, 

where ρ, a, T and b mean density (g cm-3), slope (g cm-3 K-1), temperature (K) and 

intercept (g cm-3), respectively. 
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Discussion on solubility parameter

Hildebrand solubility parameter (δH) is the key parameter for estimating solubility, 

miscibility and intermolecular interaction. The value of δH could be determined by 

vaporization enthalpy, temperature and molar volume (eq S13).[3] Although this parameter is 

mainly applicable in the situations of nonpolar and slightly polar systems, it gives an 

important hint of solvation or swelling by seeking systems with similar δH.[3, 4] δH of PEG-

based DESs at 298.15 K (Figure S23) could be ordered as: PEG200:LA (1:2) > 

PEG200:thiourea (4:1) > PEG200:LA (4:1) > PEG200:ChCl (4:1) > PEG200:NMA (4:1) > 

PEG400:thiourea (4:1) > PEG200:ChCl:FeCl3 (4:1:0.1) > PEG200:NMA (1:2). Higher mol 

ratio of PEG200 increases δH in PEG200:NMA but decreases δH in PEG200:LA. Also, higher 

molecular weight (by comparing PEG400:thiourea (4:1) and PEG200:thiourea (4:1)) and 

presence of FeCl3  (by comparing PEG200:ChCl:FeCl3 (4:1:0.1) and PEG200:ChCl (4:1)) 

would decrease δH. However, altering the categories of HBD in PEG-based DESs only 

slightly changes δH. The range of δH is from 21.09 to 29.80 MPa0.5 for all the PEG-based 

DESs. Compared with δH of common ionic liquids,[3, 5] the value of δH for ionic liquids and 

PEG-based DESs is similar. 
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Figure S2. Solubility parameter of PEG-based DESs at 298.15 K in sequence (a) and the 

investigation of factors affecting solubility parameter, such as mol ratio by 

PEG200:NMA, mol ratio by PEG200:LA, molecular weight by PEG:thiourea, 

composition and HBD (b).
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Table S1. Comparison of Δl
gHm

0 for ionic liquids, organic solvents and DESs in this work at 298.15 K.a 

Ionic liquids Δl
gHm

0

 /kJ mol-1 

Ref. Organic solvents Δl
gHm

0

 /kJ mol-1 

Ref. DESs Δl
gHm

0

 /kJ mol-1 

Ref.

[C1C1IM][Glu] 238.8 [6] water 43.98 [3] PEG200:ChCl (4:1) 133.02 here

[C2C1IM][Glu] 224.1 [6] methanol 37.43 [3] PEG200:LA (4:1) 127.03 here

[C3C1IM][Glu] 212.6 [6] ethanol 42.32 [3] PEG200:thiourea (4:1) 124.62 here

[C4C1IM][Glu] 203.3 [6] acetone 30.90 [7] PEG200:NMA (4:1) 124.55 here

[C5C1IM][Glu] 195.9 [6] n-pentane 26.7 [7] PEG400:thiourea (4:1) 117.33 here

[C6C1IM][Glu] 189.8 [6] n-hexane 31.5 [7] PEG200:ChCl:FeCl3 

(4:1:0.1)

100.84 here

[H2N-C2C1IM][PF6] 165.6 [8] n-decane 51.4 [7] PEG200:LA (1:2) 97.13 here

[H2N-C3C1IM][PF6] 161.8 [8] n-dodecane 61.3 [7] PEG200:NMA (1:2) 87.69 here

[H2N-C4C1IM][PF6] 159.2 [8] n-hexadecane 81.4 [7]

[H2N-C5C1IM][PF6] 157.4 [8] benzene 33.9 [7]

[H2N-C6C1IM][PF6] 156.4 [8] dimethylsulfoxide 52.9 NIST

[MMIM][DMP] 147.02 [3]

[EMIM][DMP] 142.74 [3]

[BMIM][DMP] 136.41 [3]

[EMIM][DEP] 134.23 [3]

[EEIM][DEP] 134.74 [3]

[BEIM][DEP] 133.72 [3]

[BMIM][DBP] 136.11 [3]

[C1mim][PF3(CF2CF3)3] 161.9 [9]

[C2mim][PF3(CF2CF3)3] 157.8 [9]

[C3mim][PF3(CF2CF3)3] 160.3 [9]

[C4mim][PF3(CF2CF3)3] 161.1 [9]

[C5mim][PF3(CF2CF3)3] 162.0 [9]

[C6mim][PF3(CF2CF3)3] 163.1 [9]

[tmgH][L] 108.0 [10]

[C2MIM][NTf2] 136.1 [11]

[C4MIM][NTf2] 134.6 [11]

[C6MIM][NTf2] 141.6 [11]

[C8MIM][NTf2] 149.0 [11]

[C2mim][CH3SO4] 143.3 [12]

[C2mim][SCN] 148.7 [12]

[C2mim][(C2H5O)2PO2] 141.9 [12]

[C2mim][B(CN)4] 130.9 [12]

[C2mim][FAP] 122.5 [12]

[C2mim][NTf2] 132.7 [12]

[C2mim][CF3SO3] 132.8 [12]

[C2mim][CH3SO3] 140.0 [12]
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[MMIM][DMPO4] 111.3 [13]

[EMIM][MeSO3] 141.0 [13]

[EMIM][HSO4] 147.0 [13]

[EMIM][EtSO4] 149.0 [13]

[EMIM][OTS] 169.0 [13]

[EMIM][CF3SO3] 140.0 [13]

[EMIM][Ntf4] 120.0 [13]

[BMIM][Ntf4] 130.0 [13]

[BMIM][OcSO4] 156.0 [13]

[EMIM][NTf2] 121.8 [14]

[EMIM][C2SO4] 155.9 [14]

[EMIM][C1SO4] 149.6 [14]

[EMIM][SCN] 153.7 [14]

[EMIM][SCN] 150.2 [14]

[EMIM][C4SO4] 158.4 [14]

[EMIM][C8SO4] 172.0 [14]

[EMIM][CF3CO2] 129.3 [14]

[EMIM][TfO] 137.9 [14]

[EMIM][(C2H5O)2PO2] 146.1 [14]

[EMIM][PF6] 143.6 [14]

[EMIM][BF4] 135.5 [14]

[EMIM][B(CN)4] 135.6 [14]

[EMIM][C(CN)3] 138.5 [14]

[EMIM][FAP] 125.8 [14]

[DBNH][MeCOO] 152.9 [15]

[DBNH][EtCOO] 159.3 [15]

[DBNH][nPrCOO] 165.4 [15]

[DBUH][MeCOO] 178.5 [15]

[DBUH][EtCOO] 184.9 [15]

[DBUH][nPrCOO] 190.5 [15]

[C2Py][Ntf4] 131.4 [16]

[C3Py][Ntf4] 134.5 [16]

[C4Py][Ntf4] 138.1 [16]

[C5Py][Ntf4] 141.7 [16]

[C6Py][Ntf4] 145.9 [16]

[C4C4Im][Br] 166.9 [17]

[C6C6Im][Br] 177.9 [17]

[C8C8Im][Br] 181.4 [17]

a Δl
gHm

0 of DESs is for the first time determined to the best of our knowledge. 
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Details for the successful synthesis of PEG-based DESs

Successful synthesis of PEG-based DES could be seen in references.[18-26] Moreover, 

theoretical and IR spectra provide additional evidences, as shown in Figure 4. There are three 

possible intermolecular H-bonds between NMA and PEG200, i.e., N-H---O-H (between H of 

N-H in NMA and O of O-H in PEG200), H-N---O-H (between N of H-N in NMA and O of 

O-H in PEG200) and C=O---H-O (between O of C=O in NMA and H of H-O in PEG200). H 

of O-H (in PEG200) and N-H (in NMA) owns a positive charge of +0.253 and +0.170, 

respectively. O in C=O (in NMA), N of N-H (in NMA) and O of O-H (in PEG200) owns a 

negative charge of –0.785, -0.728 and -0.639, respectively (Figure 4a). Because O (-0.785) in 

C=O and H (+0.253) of H-O have the most negative and most positive charge, respectively, 

H-bonds of C=O---H-O is the optimal mode as shown in Figures 4a, 4b and 4c.  

H-bonds between NMA and PEG200 in DES PEG200:NMA (1:2) could also be 

demonstrated by the bonds length (Figure 4b). Bond length of H-O in PEG200 is 0.961 Å. 

However, after the formation of DES with NMA, H-O bond length increases into 0.973 Å. 

Similarly, bond length of C=O in NMA increases from 1.221 Å to 1.229 Å after forming DES. 

The elongated bond length of H-O in PEG200 and C=O in NMA means the H-bonds (1.878 Å) 

between NMA and PEG200. However, C-N and C-O, close to the chemical bond forming H-

bonds (i.e., C=O and H-O), show a reduced bond length from 1.366 Å to 1.355 Å and from 

1.428 Å to 1.419 Å, respectively. It might be induced by the indirect effect of H-bonds. Bond 

length (1.007 Å) of N-H shows negligible change, indicating that H-bonds related to N-H is 

not the main H-bonds in DES as discussed above. 

HOMO area around O of C=O in NMA and LOMO area around H of H-O in NMA are 

also the largest, indicating again the high possibility of C=O---H-O H-bonds (Figure 10c). 

Similarly, C=O---H-O H-bonds is also the highest possible H-bonds from the aspects of 

electrostatic potential (ESP, Figure 4d). Interaction energy ΔH of PEG200:NMA is also much 

higher than that of PEG200-PEG200 and NMA-NMA (Figure 4e), implying the strong 

intermolecular H-bonding interaction between PEG200 and NMA. Moreover, IR spectra of 

PEG200, NMA and DES PEG200:NMA provide direct evidence of H-bonding interaction 

between PEG200 and NMA in DES PEG200:NMA as demonstrated by the IR band shift of 



S12

PEG200 or NMA after the formation of DES (Table S16, Figure 4f and Supporting 

Information) . 
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Table S2. Cartesian coordinates of all the optimized species by the Gaussian calculation (i.e., 

output file) for NMA at b3lyp/6-311++g(d, p).

C                  0.48613200    0.17262600    0.00002200

 O                  0.37940300    1.38912900    0.00020200

 N                 -0.60667500   -0.64613700   -0.00021000

 H                 -0.47393000   -1.64405000   -0.00004800

 C                 -1.96119900   -0.11243600   -0.00002400

 H                 -2.13647000    0.50682600   -0.88295000

 H                 -2.66623600   -0.94395800   -0.00179900

 H                 -2.13759300    0.50399200    0.88469000

 C                  1.83007700   -0.53941100   -0.00000300

 H                  1.93771600   -1.17319100    0.88494300

 H                  1.93779000   -1.17300000   -0.88507500

 H                  2.62016400    0.20862900    0.00011800
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Table S3. Cartesian coordinates of all the optimized species by the Gaussian calculation (i.e., 

output file) for NMA+NMA at b3lyp/6-311++g(d, p).

C                  2.69122600   -0.49275900    0.13288800

 O                  3.90626100   -0.32731300    0.13351500

 N                  1.82878200    0.41851300   -0.38525500

 C                  2.31268000    1.64710400   -0.99148100

 C                  2.05487200   -1.74298100    0.71899200

 H                  0.82999500    0.24154800   -0.36467900

 H                  3.00548000    1.43401200   -1.80984500

 H                  1.45909400    2.20225500   -1.38208300

 H                  2.84221400    2.26814500   -0.26312900

 H                  2.47145500   -2.61569600    0.21145800

 H                  2.33206700   -1.81569800    1.77323400

 H                  0.96753600   -1.75633000    0.62601300

 C                 -2.11920900    0.31553400    0.32321800

 O                 -1.13890400   -0.02744700   -0.33323700

 N                 -3.37189000   -0.09876500    0.00527100

 C                 -3.63670900   -1.00041200   -1.10829100

 C                 -1.99866900    1.23256200    1.52399200

 H                 -4.13630300    0.17189900    0.60218300

 H                 -3.46947000   -2.04543300   -0.83064400

 H                 -4.67129700   -0.87726100   -1.42967100

 H                 -2.96986000   -0.75513700   -1.93410700

 H                 -2.95364900    1.44749700    2.00711500

 H                 -1.32621900    0.77367500    2.25154500

 H                 -1.54329600    2.17208500    1.20436200
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Table S4. Cartesian coordinates of all the optimized species by the Gaussian calculation (i.e., 

output file) for PEG200 at b3lyp/6-311++g(d, p).

C                  1.18420200    0.50021800    0.00037000
 C                  2.36437600   -0.45671300    0.00015500
 H                  1.22661600    1.14491300   -0.88864100
 H                  1.22676900    1.14471200    0.88952000
 H                  2.32181800   -1.10142200    0.88906200
 H                  2.32166800   -1.10119600   -0.88890900
 C                  4.73293500   -0.45560900   -0.00016000
 C                  5.91415700    0.49915900   -0.00018700
 H                  4.77662000   -1.10020800    0.88884700
 H                  4.77633600   -1.09991100   -0.88939500
 H                  5.86504100    1.13884800   -0.88970700
 H                  5.86531200    1.13856700    0.88955000
 O                  3.54808700    0.32222700    0.00015800
 O                  0.00000000   -0.27810900    0.00038600
 O                  7.09488700   -0.30321500   -0.00049100
 C                 -1.18420200    0.50021700    0.00033700
 C                 -2.36437700   -0.45671400    0.00032100
 H                 -1.22667800    1.14478700   -0.88876200
 H                 -1.22670900    1.14483600    0.88939900
 H                 -2.32161900   -1.10142900   -0.88857200
 H                 -2.32187000   -1.10119100    0.88939900
 C                 -4.73293500   -0.45560900    0.00005100
 C                 -5.91415500    0.49916000   -0.00046400
 H                 -4.77665800   -1.09979600    0.88935400
 H                 -4.77629900   -1.10032200   -0.88888800
 H                 -5.86531500    1.13901100    0.88895500
 H                 -5.86503900    1.13840400   -0.89030400
 O                 -3.54808600    0.32222700    0.00005800
 O                 -7.09488800   -0.30321500   -0.00037400
 H                 -7.86354200    0.27371100   -0.00074500
 H                  7.86354200    0.27371000   -0.00058600
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Table S5. Cartesian coordinates of all the optimized species by the Gaussian calculation (i.e., 

output file) for PEG200+PEG200 at b3lyp/6-311++g(d, p).

C                  1.18652600    3.06541600   -0.00004200
 C                  2.35756300    2.09737400   -0.00034700
 C                  4.72031300    2.05152600   -0.00029400
 C                  5.92602500    2.97440100   -0.00005900
 O                  3.55428000    2.85762100   -0.00012400
 O                 -0.00062800    2.29044900   -0.00023400
 O                  7.08756200    2.14038400   -0.00019400
 C                 -1.18781600    3.06536300    0.00003200
 C                 -2.35881900    2.09727800   -0.00017900
 C                 -4.72157800    2.05140100    0.00001000
 C                 -5.92730400    2.97426000    0.00030700
 O                 -3.55555400    2.85750100    0.00010600
 O                 -7.08881800    2.14021700    0.00020200
 H                  1.23150600    3.70977100   -0.88916100
 H                  1.23155300    3.70925600    0.88944800
 H                  2.30792000    1.45213700    0.88726400
 H                  2.30790900    1.45267500   -0.88834900
 H                  4.74566400    1.40491700    0.88754600
 H                  4.74569200    1.40533100   -0.88843600
 H                  5.89665400    3.61485400   -0.88961900
 H                  5.89659000    3.61447900    0.88976900
 H                 -1.23288700    3.70970500   -0.88909200
 H                 -1.23280800    3.70921200    0.88951700
 H                 -2.30920600    1.45256300   -0.88817200
 H                 -2.30910300    1.45206000    0.88744100
 H                 -4.74688200    1.40479700    0.88785700
 H                 -4.74701600    1.40519900   -0.88812700
 H                 -5.89784400    3.61432300    0.89014500
 H                 -5.89797500    3.61472800   -0.88924400
 H                 -7.87057700    2.69941700    0.00043600
 C                  1.18046300   -2.08292700    0.00030700
 C                  2.37533900   -3.02102000    0.00014000
 C                  4.74888000   -2.95853900    0.00014200
 C                  5.89785500   -1.96520800    0.00028900
 O                  3.54121800   -2.21464400    0.00028600
 O                  0.00068500   -2.86860600    0.00012200
 O                  7.10782400   -2.72222000    0.00018700
 C                 -1.17932000   -2.08326200    0.00019200
 C                 -2.37392000   -3.02170600   -0.00002000
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 C                 -4.74747800   -2.95993100   -0.00017300
 C                 -5.89674600   -1.96693700   -0.00026800
 O                 -3.54003900   -2.21567600   -0.00004400
 O                 -7.10649300   -2.72430000   -0.00034900
 H                  1.21521400   -1.43652600   -0.88748700
 H                  1.21517300   -1.43688400    0.88836400
 H                  2.34695000   -3.66628900    0.88922600
 H                  2.34694600   -3.66596400   -0.88918100
 H                  4.81048600   -3.60146700    0.88928900
 H                  4.81045600   -3.60117000   -0.88922100
 H                  5.82869800   -1.32637200   -0.88788500
 H                  5.82868800   -1.32662700    0.88864600
 H                 -1.21419400   -1.43690800   -0.88763100
 H                 -1.21427700   -1.43719100    0.88821800
 H                 -2.34525300   -3.66670700   -0.88929000
 H                 -2.34542500   -3.66690100    0.88911600
 H                 -4.80896800   -3.60274200    0.88906500
 H                 -4.80879500   -3.60271300   -0.88944500
 H                 -5.82782300   -1.32820100    0.88799800
 H                 -5.82769400   -1.32822100   -0.88853900
 H                 -7.84897400   -2.11359800   -0.00039600
 H                  7.85012000   -2.11129200    0.00013700

     H                  7.86930300    2.69960900   -0.00009000
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Table S6. Cartesian coordinates of all the optimized species by the Gaussian calculation (i.e., 

output file) for PEG200:NMA (1:2) at b3lyp/6-311++g(d, p).

C                 -2.36704700   -0.68979600    0.05643100

 C                 -1.18425600    0.26210800    0.11947900

 C                  1.18422300    0.26206200    0.11952900

 C                  2.36697900   -0.68989900    0.05672600

 C                  4.73546600   -0.68821200    0.05679300

 C                  5.92522700    0.25455900    0.12089000

 O                 -0.00003100   -0.51500200    0.06768600

 O                 -3.54802000    0.08781500    0.10764800

 O                  3.54797900    0.08768800    0.10765900

 O                  7.09907600   -0.54104100    0.06432800

 C                 -4.73553100   -0.68802400    0.05650200

 C                 -5.92525900    0.25477500    0.12081000

 O                 -7.09913600   -0.54077600    0.06407500

 H                 -2.32423300   -1.39269900    0.90071200

 H                 -2.32398400   -1.27550200   -0.87301100

 H                 -1.22603600    0.96457300   -0.72473700

 H                 -1.22577800    0.84677000    1.04916300

 H                  1.22614600    0.96442100   -0.72476800

 H                  1.22564600    0.84683700    1.04914600

 H                  2.32419300   -1.39255200    0.90121600

 H                  2.32384300   -1.27587900   -0.87254000

 H                  4.77370600   -1.39182100    0.90064600

 H                  4.77520700   -1.27295000   -0.87342300

 H                  5.87426700    0.95894900   -0.71978600

 H                  5.87660400    0.83552100    1.05115200

 H                  7.87889900    0.03869300    0.11048000

 H                 -4.77384800   -1.39187000    0.90015500

 H                 -4.77524500   -1.27249800   -0.87388100



S25

 H                 -5.87661200    0.83552700    1.05120000

 H                 -5.87428900    0.95934500   -0.71971300

 H                 -7.87894300    0.03895000    0.11054300

 C                 10.64222400    0.81813600   -0.08680500

 O                  9.44757300    1.03374900    0.10609700

 N                 11.14028300   -0.43355500   -0.23514100

 C                 10.30489100   -1.62774600   -0.14993000

 C                 11.63821300    1.95703200   -0.17407600

 H                 12.13237500   -0.54434500   -0.36374600

 H                  9.45600700   -1.55403300   -0.83050200

 H                 10.90836000   -2.49317700   -0.42270000

 H                  9.91516300   -1.76698900    0.86128600

 H                 11.32748000    2.63157000   -0.97423600

 H                 11.60708400    2.52040500    0.76069000

 H                 12.66290200    1.62952200   -0.36025400

 C                -10.64223000    0.81806400   -0.08701700

 O                 -9.44777500    1.03397300    0.10677000

 N                -11.14003600   -0.43380200   -0.23470000

 C                -10.30458800   -1.62783900   -0.14787700

 C                -11.63826400    1.95678300   -0.17614800

 H                -12.13196900   -0.54478200   -0.36436000

 H                 -9.91437300   -1.76526500    0.86338800

 H                -10.90822100   -2.49374100   -0.41878300

 H                 -9.45602800   -1.55539600   -0.82900800

 H                -11.60799800    2.52098200    0.75814800

 H                -11.32690900    2.63064700   -0.97663400

     H                -12.66275900    1.62900500   -0.36291600 
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Figure S14. Charge distribution (a) and bond length with the unit of Å (b) for NAM, 

PEG200 and PEG200:NMA (1:2) at the level of b3lyp/6-311++g(d, p).   
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Figure S15. Bond length of NMA-NMA.  

Figure S16. Charge distribution of NMA-NMA.  
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Figure S17. HOMO energy of NMA-NMA.  

Figure S18. ESP of NMA-NMA.  
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Figure S19. Bond length of PEG200-PEG200.  

Figure S20. Charge distribution of PEG200-PEG200.  
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Figure S21. LUMO energy of PEG200-PEG200.  

Figure S22. ESP of PEG200-PEG200.  
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Figure S23. Simulated IR spectra of PEG200, NMA and PEG200:NMA (1:2).  
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Figure S24. Simulated normalized IR spectra of PEG200, NMA and PEG200:NMA (1:2) 

in the wavenumber range of 3900~3500 cm-1.  
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Table S7. Simulated IR peak and intensity of PEG200, NMA and PEG200:NMA (1:2).

Peak of 

PEG200 

/ cm-1

Intensity Peak of 

NMA 

/ cm-1

Intensity Peak of 

PEG200:NMA 

(1:2)

/ cm-1

Intensity

1 874.9 5.1 1 829.8 0.0 1 828.2 0.0
2 970.0 13.8 2 834.1 0.4 2 831.3 1.9
3 1052.7 3.4 3 840.3 0.0 3 838.1 0.0
4 1102.0 3.7 4 846.1 0.6 4 845.4 1.1
5 1151.1 0.1 5 989.6 109.1 5 880.1 9.5
6 1190.9 0.8 6 1016.5 2.9 6 880.2 0.2
7 1276.2 86.3 7 1024.2 54.4 7 990.7 104.4
8 1390.8 23.5 8 1030.2 21.5 8 999.6 7.7
9 1453.3 29.4 9 1039.9 10.0 9 999.7 9.5
10 1471.3 27.4 10 1062.2 156.5 10 1019.3 10.4
11 1476.4 7.8 11 1064.1 10.3 11 1040.8 4.4
12 1484.9 10.9 12 1092.3 3.4 12 1042.1 33.3
13 1510.0 19.9 13 1142.3 2.6 13 1055.9 6.8
14 1544.1 191.9 14 1142.6 0.0 14 1057.4 0.5
15 1746.5 300.6 15 1150.0 53.4 15 1057.4 13.5
16 3033.9 4.8 16 1150.7 0.0 16 1079.1 228.2
17 3035.4 43.8 17 1159.6 0.6 17 1080.5 16.4
18 3088.6 22.3 18 1160.0 753.1 18 1093.9 1.0
19 3091.4 12.2 19 1162.1 0.0 19 1093.9 1.1
20 3124.4 17.8 20 1173.6 0.0 20 1103.2 17.9
21 3148.6 6.2 21 1223.6 0.0 21 1142.6 0.0
22 3646.1 26.7 22 1228.8 0.9 22 1143.0 1.8

23 1236.9 0.0 23 1143.2 0.1
24 1243.6 24.9 24 1148.4 0.9
25 1244.4 55.4 25 1148.6 67.6
26 1245.6 24.6 26 1151.4 0.0
27 1297.4 0.0 27 1157.8 0.2
28 1298.3 0.0 28 1158.9 832.0
29 1302.4 2.6 29 1162.8 0.3
30 1302.4 0.0 30 1173.9 0.0
31 1338.4 47.3 31 1192.6 1.5
32 1357.6 0.0 32 1192.6 1.6
33 1380.6 1.2 33 1223.3 0.0
34 1395.5 12.5 34 1228.9 0.7
35 1433.0 0.1 35 1236.8 0.0
36 1454.8 0.0 36 1243.1 24.5
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37 1470.5 0.5 37 1288.6 31.7
38 1477.1 0.0 38 1288.7 100.4
39 1511.3 0.2 39 1296.4 0.0
40 1514.1 0.0 40 1297.2 0.1
41 1518.2 8.8 41 1299.0 2.3
42 1525.3 0.0 42 1299.0 0.0
43 1527.1 21.6 43 1306.8 192.1
44 1532.2 0.1 44 1308.3 27.1
45 1534.7 0.2 45 1341.2 7.8
46 1536.1 3.8 46 1362.9 0.2
47 2973.2 0.0 47 1390.6 7.2
48 2975.2 2.0 48 1402.3 44.0
49 2976.4 48.2 49 1402.3 3.1
50 2982.4 1.7 50 1404.7 20.6
51 2984.2 1.5 51 1438.8 5.4
52 2986.2 189.1 52 1459.5 10.6
53 2999.9 9.5 53 1460.9 20.3
54 3000.0 140.1 54 1464.3 10.3
55 3000.1 0.0 55 1471.5 1.9
56 3001.2 0.0 56 1471.5 11.7
57 3008.4 0.1 57 1482.1 11.7
58 3008.4 27.9 58 1482.9 29.0
59 3027.0 176.5 59 1484.7 1.7
60 3027.8 0.0 60 1485.1 15.8
61 3043.6 0.2 61 1487.8 57.9
62 3043.7 154.5 62 1488.3 9.8
63 3855.6 77.5 63 1509.0 4.3
64 3855.6 9.7 64 1509.1 11.1

65 1510.6 1.3
66 1513.0 0.8
67 1517.4 11.2
68 1525.8 0.5
69 1527.8 25.3
70 1532.0 0.1
71 1534.3 0.9
72 1535.8 2.3
73 1556.4 25.9
74 1556.4 376.1
75 1718.7 822.1
76 1719.0 83.8
77 2968.6 17.1
78 2969.1 0.6
79 2973.6 25.5
80 2978.1 51.9
81 2978.9 11.3
82 2983.8 86.8
83 2987.7 23.8
84 2987.9 207.2
85 2995.5 5.0
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86 2996.1 0.0
87 2998.5 9.7
88 2998.6 0.0
89 3022.8 184.3
90 3024.0 0.0
91 3029.0 0.7
92 3029.1 189.5
93 3043.7 7.6
94 3043.7 7.8
95 3044.2 24.1
96 3044.3 27.8
97 3107.5 5.4
98 3107.5 22.0
99 3116.8 5.1
100 3116.8 8.1
101 3118.3 26.2
102 3118.3 7.4
103 3134.9 13.3
104 3135.0 12.8
105 3634.6 1809.0
106 3635.3 105.4
107 3651.5 17.7
108 3651.5 18.7
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