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Ҋ ῤ  

ᾣ ᴴ  

 

  1,   2̆ ᵠ 3*̆ᵯ  3̆ 3̆   3̆ 3 

( 1.   ̆ 2.   ̆ 3.  ̆

  137000̃  

̔ ⱬ ҍ№ ⱬ ONIOM (Our own N-layered Integrated molecular Orbital + 

molecular Mechanics ) ̆ SMD̂Slovation Model Density ̃ ̆

Ҋ ̂SWCNT̃ ῤ ᾣ ᴴ ԅ Ȃל ̔

2 ҩ № ᵬᴰ ׃ Ạ ̆ SWCNT(8,8) SWCNT(7,7)ῤ

ᾣ ‗ №≢ 123.39 165.64 kJ/mol̆ ╕ ᶏ ңҩ ⌠ 104.34 150.07 

kJ/molȂ SWCNT(8,8)ῤ ̆ ῒ ᴴ 13.31 kJ/mol̆ № ꜛ

ῒ ᴴ 15.00 kJ/mol̆ ╕ ᶏ ҉ױ ⌠ 18.85 20.00 kJ/mol Ȃ

̔SWCNT(8,8) SWCNT(7,7) Ҋ ᾣ №≢ΐ Ỳ Ỳ ᵬ ̆

╕ΐ ꜛỲ ᵬ S̕WCNT(8,8) Ҋ ᴴΐ Ỳ ᵬ ̆

╕ ᴴȂ 

῏ ̔ ̕ ᾣ ̕ ᴴ̕ ̕ONIOM  

Ҭ № ̔O 641.12             ̔A 

    (valine, Val) ᵣ ̆ Ҍ №̆ҹ S (S-Val) R

(R-Val)̕ ᾣ Ҍ №̆ҹ (L-Val) (D-Val)Ȃ ᵣῤ L-Valΐ ̆

Ḇ ᵣ [1]ȂD-Val ᴇ ̆ └ [2]̆ ԍ

[3]ҍ ̆ └ ̆ ԍ [4]Ȃ 

    ԍᾣ Val № ̆ ױ ῒ ᾣ Ạԅ ᵬȂNeuberger [5]

̆ ╕ Val№ S̆mith 
[6]

Ә ꜚⱬ V̔al

№ Ҋ ץ Ȃ [7-9] ץ̆ ҹ Val №
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ᾣ ᴨל ̆ № Val№ ᾣ ΐ Ỳ ᵬ ̆ ╕ Val№ ᾣ

ΐ ѿ ꜛỲ ᵬ Ȃ № ꜛ Val№ ᴴ̆ ╕

Val№ ᴴ ΐ └ᵬ Ȃ [10] ̆Val№ ץ ᾣ

̆ ╕ ᾣ Ỳ ᵬ Ȃ [11] ̆ SWCNT[(5,5) (6,6)]

ᾣ ΐ Ỳ ᵬ Ȃ 

    [8-9] ᵣῤ Ҋ Val ץ ᾣ ̆ Val ᴴȂ ᵣῤ

̆ ̆ Ҋ Val ᾣ ῒ ᴴ

Ȃ [12] ̆ Ҋ ̂SWCNT̃ ῒҬ Ŭ-Ala

ΐ Ỳ ᵬ Ȃ ԍ ̆ ᵬ Ҋ SWCNTῤ Val ᾣ ᴴ

ԅ Ȃ 

1 ҍ  

Val№ ҍ ҹ 0.580 1 nm×0.510 0 nm̆ SWCNT(6,6)ȁ(7,7) (8,8)

№≢ 0.807 9̆0.942 5 1.077 2 nmȂ ̆Val№ ҍ 2ҩ № № S

WCNT(6,6) ̆ҍ ̆ ԍ SWCNT(8,8) ̆

Ҍ ̆ ̆ SWCNT(7,7) (8,8)ᵬҹ Ȃҹᾟ№ ̆

2.100 0 nm̆ Ȃ 

ⱬ ҍ№ ⱬ ONIOM (our own N-layered integrated molecular orbital + 

molecular mechanics) [13] Ȃ ҍ № №ҹң : ῤ ҹ QM ̆

⌠ № ӊ ᵬ ̆ ₱ɤB97X-D[14] ̕ ҹMM ̆

№ ⱬ UFFⱬ [15] ̆ ONIOM(ɤB97XD/6-31+G(d, p): UFF) ᴨ [16]̆

ῤ (IRC)[17] Ȃҹ ₮ ל ̆≠ ׆ MP2[18] ̆

ONIOM(MP2/6-311++G(2df, 2pd): UFF) Ҋ (ESP)Ȃ (Gtc)

ⱴᵬҹ (Gtotal)Ȃ ╕ ̆ Ҋ ̆

(SCRF) SMD̂ slovation model densitỹ [19] ̆ ONIOM(MP2/6-311++G(2df, 2pd): UFF)

Ҋ Ȃ SWCNT(8,8)ῤ S-Val№ ҍ №

ҹ S-Val·(· OH)·H2O@SWCNT(8,8)̆ ῒ ╕ Ҋ↕ ҹ

S-Val·(·OH)·H 2O@SWCNT(8,8)@water̆ ῒז ᵌ Ȃ Gaussian 09

ᴆ [20] Ȃ 
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2  

[21] ̆ ҍ ҹ№ ῤ № ̆ ԍ ᴨ S-Val

№ ῒ ᵣ 1Ȃ 

 

                      

              (a) S-Val               (b) R-Val(ҍ S-Val )                   (c) R-Val 

 1  Sҍ R Val№ ₃ᵥ . 

Fig. 1 The geometries of S-type and R-type of valine molecules 

 

    [7-9,12] ץ̆ ҹ Val№ ᾣ № Ỳ ᾣ

ᴨל ̆Ӟ Ҋ SWCNTῤ Ŭ-Ala№ ᾣ ᴨל ̆ ̆

Ҭֽ ᴨל ҉ ᾣ Ȃ ̆SWCNT(8,8) SWCNT(7,7)

Ҋ Val ᾣ №≢ΐ Ỳ Ỳ ᵬ ̆ Ҭ ╠ ̆ ‗

╠ 2̕ҩ № Ỳ 1ҩ № 3ҩ № Ỳ

ΐ ᴨ̆לҹ ̆ 2ҩ № Ỳ Ȃ ԍ Ҋ

SWCNTῤ S-Val№ ᴴ̆ SWCNT(8,8)ῤ ’ȂҊ №≢ ̔ 

2.1  Ҋ̆S- Val № SWCNT( 8,8)ῤ ᾣ  

    Ҋ̆S-Val№ SWCNT(8,8)ῤ ᾣ ̆ 2̆

╩ ̆ 3̂@water ҹ ╕ ל Ȃ̃ 

    ᾢ 1 ᾝ̆ Ȃ S-Val SWCNT(8,8)ῤ №

S-Val@SWCNT(8,8)̆ 310C-311O S-TS1@SWCNT(8,8) ̆

⌠ 1Ҭ ᵣ № S-INT1@SWCNT(8,8)Ȃ 311O-313H 310C-311O ԋ̆

313H-311O-310C-312O׆ 179.38£ ҹ-2.00°̆ ׆ Ȃ ̆

305C-307N Ḳ ̆ԋ 309H-307N-305C-306C׆ 93.16£ ҹ 55.31£Ȃ׆

S-Val@SWCNT(8,8)⌠ S-TS1@SWCNT(8,8) ̆ԋ 313H-311O-310C-312O׆ 179.38° ҹ-90.36°̆

ԋ 309H-307N-305C-306C׆ 93.16£ ҹ 68.15£̆310C-311O ׆ 0.133 3 nm ⱴ⌠ 0.137 7 nm̆

1ҩԋ ȁ1ҩԋ ᵄ ѿҩ ᵈ ̆ Ҍ ̆ᵖӞҌ

ᴪ ᵞ̆S-TS1@SWCNT(8,8)֟ 52.56 kJ/molȂ ╕ ᶏ ⌠ 51.96 kJ/mol̆

app:ds:lysine
mailto:S-TS1@SWCNT(8,8)产生的能垒是52.56
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╕ ᾝ Ỳ ᵬ Ȃ 

    2 ᾝ̆ Ȃ № S-INT1@SWCNT(8,8)

S-TS2@SWCNT(8,8)̆ 2Ҭ ᵣ S-INT2@SWCNT(8,8)̆ S-INT2 307N

ѿ ԍ ̆ ⱴ̆ Ȃ S-INT2 307N Ŭ-

323H ҍ № Ȃ ԋ 309H-307N-305C-308H ׆ 123.88£ ҹ

-119.81£̆ ̆S-TS2@SWCNT(8,8)֟ ᵞ̆ 21.50 kJ/molȂᵖ ╕

ᶏ ⌠ 59.57 kJ/mol̆ ╕ ᾝ Ỳ ᵬ Ȃ 

    3 ᾝ̆2ҩ № ᵬ -Ŭ̆׃ ׆ Ŭ- Ȃ2ҩ № ҍ S-INT2 Ŭ-

323H 307N ᵬ Ҭ ᵣ S-INT2·2H 2O(m)@SWCNT(8,8)̂ m

№ S-INT2 ╠ ̃̆ TS3·2H 2O(m)@SWCNT(8,8)̆ ԅ 323H׆ 305C

307N  ̆ 3 Ҭ ᵣ INT3·2H 2O(m)@SWCNT(8,8) Ȃ ׆

S-INT2·2H 2O(m)@SWCNT(8,8)⌠ TS3·2H 2O(m)@SWCNT(8,8) Ҭ̆ 305C-323Hȁ329O-326H

328O-324H№≢9 0.109׆ 0̆.097 5 0.098 9 nm ᵈ⌠ 0.133 3 0̆.153 2 0.165 7 nm 3̆05C-307N

׆ 0.1468 nm ⱴ⌠ 0.1505 nm̆ ᵈ 0.0037 nm̕ Ҭ ԋ 307N-305C-306C-310C׆

131.11£ ҹ 129.83£̆ 3ҩ ᵈ ȁѿҩ ᵈ ѿ

Ȃp ҂ 305C-323H-329Oȁ329O-326H-328O 328O-324H-307N№≢

157.25£̆155.61£ 158.62£̆Ẓ ̆ ̆ ҂ ̆֞ ̆

TS3·2H 2O(m)@SWCNT(8,8) Ȃ ̆TS3·2H 2O(m)@SWCNT(8,8)֟ ῤ Ҍᴪ ̆

123.39 kJ/mol̆ ҍ 268.93 kJ/mol[9] ⁞ ҍ̆ 2ҩ № Ỳ 141.59 

kJ/mol[9] Ӟ ᵞԅ 12.9%̆ SWCNT(8,8) ԅ Ỳ ᵬ Ȃ SWCNT(8,8) ᶏ

ᵬ 305C-323H 305C-307N ᵈ [9] ᵈ ⁞ Ȃ ╕

ᶏ ѿ ⌠ 104.34 kJ/mol̆ ҹ 15.5%̆ ╕ ԅѿ ꜛỲ ᵬ Ȃ

TS3·2H 2O(m)@SWCNT(8,8) Ẽ ̂4.5718 C·m̃ ԍ S-INT2·2H 2O(m)@SWCNT(8,8) Ẽ

̂2.0854 C·m̃̆ ╕ᶏ TS3·2H 2O(m)@SWCNT(8,8) ԍ S-INT2·2H 2O(m)@SWCNT(8,8)

ᵞ Ȃ 324H ҍ 307N 3̆26Hҍ 321O ̆֞ ̆ Ҭ ᵣ֟ ̆

TS3·2H 2O(m)@SWCNT(8,8) ȂINT3·2H 2O(m)@SWCNT(8,8) ̆ ῒ

̆ ԍל ᵝ Ȃᵖ 323H ׆ 305C 307N  ᶏ № ⱴ̆

INT3·2H 2O(m)@SWCNT(8,8) Ẽ 4.529 C·m ԍ S-INT2·2H 2O(m)@SWCNT(8,8) Ẽ 2.9499 

C·m̆ ╕ ᵬ Ҋ INT3·2H 2O(m)@SWCNT(8,8) ֓̆ ל ᵝ Ҋ Ȃ 

    Ῥ 4 ᾝ 2̆ҩ № ᵬ ׃ ĬNT3 ҉ Ŭ- Ȃ2ҩ
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№ ҍ INT3 Ŭ- ᵬ Ҭ ᵣ INT3·2H 2O(n)@SWCNT(8,8)

̂n № INT3 ̃̆ TS4·2H 2O(n)@SWCNT(8,8) ԅ ׆

Ŭ-  ̆ Ҭ ᵣ֟ R-INT4·2H 2O(n)@SWCNT(8,8)Ȃ׆ INT3·2H 2O(n)@SWCNT(8,8)

⌠ TS4·2H 2O(n)@SWCNT(8,8) ̆307N-324H ׆ 0.104 1 nm ᵈ⌠ 0.105 6 nm̆ 328O-326H

׆ 0.098 4 nm ᵈ⌠ 0.102 7 nm 3̆29O-323H ׆ 0.099 8 nm ᵈ⌠ 0.128 8 nm ̆

ᵈ 0.029 0 nm̆3 ҩ Ҍ ᵈ ѿ Ȃᵖ Ҭ ԋ

307N-305C-306C-310C׆ 141.49£ ҹ 131.26£̆Ŭ- 305C׆ ׆̂ sp2 sp3 ̃

̆ᴪ ̆ ғ̆INT3·2H 2O(n)@SWCNT(8,8)Ҍ ̆ ל ᵝ ҉̆ ׆̆

INT3·2H 2O(n)@SWCNT(8,8) TS4·2H 2O(n)@SWCNT(8,8) Ҍ ̆ 22.45 kJ/molȂ

╕ ᶏ ⌠ 30.27 kJ/mol̆ ╕ ԅ Ỳ ᵬ Ȃ

INT3·2H 2O(n)@SWCNT(8,8)Ẽ ҹ 4.948 5 C·m̆ ԍ TS4·2H 2O(n)@SWCNT(8,8)Ẽ 4.573 1 

C·m̆ ╕ ╕ ᶏ INT3·2H 2O(n)@SWCNT(8,8) ԍ TS4·2H 2O(n)@SWCNT(8,8)ᵣ

ᵞ Ȃ № ̆R-INT4·2H 2O(n)ΐ ҍ № ῤҬ ȁ

№ ӊ № ҍ R-INT4 ӊ № № ҍ R-INT4 ӊ ̆ ̆

R-INT4·2H 2O(n)@SWCNT(8,8)r ̆ ל ᵞ ᵝ Ȃ 

    ̆R-INT4·2H 2O(n) № R-INT4@SWCNT(8,8)̆ 2 ᾝ ᵌ

̆R-INT4@SWCNT(8,8) R-TS5@SWCNT(8,8) R-INT5@SWCNT(8,8)Ȃ ᾝ

9.32 kJ/molȂ ╕ ᶏ ⌠ 16.91kJ/mol̆ ╕ ᾝ ԅ

ᵬ Ȃ 

̆R-INT5@SWCNT(8,8)̆ 1 ᾝ ᵌ ̆R-INT5@SWCNT(8,8)

R-TS6@SWCNT(8,8) ֟ P_R-Val@SWCNT(8,8)Ȃ ᾝ 37.12 kJ/molȂ ╕

ᶏ ⌠ 35.65 kJ/mol̆ ╕ ᾝ ᵬ Ҍ Ȃ 

 

            

         S-Val@SWCNT(8,8)               S-TS1@SWCNT(8,8)                 S-INT1@SWCNT(8,8) 

Ŭ Ŭ Ŭ 
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        S-TS2@SWCNT(8,8)                 S-INT2@SWCNT(8,8) 

1 2 ᾝ  

          

   S-INT2·2H 2O(m)@SWCNT(8,8)       TS3·2H 2O(m)@SWCNT(5,5)               INT3·2H 2O(m)@SWCNT(8,8) 

          

     INT3·2H2O( n)@SWCNT(8,8)       TS4·2H2O(n)@SWCNT(5,5)            R-INT4·2H2O( n)@SWCNT(8,8) 

3 4 ᾝ ̂ ҹ ᶷ ̃ 

           

       R-INT4@SWCNT(8,8)               R-TS5@SWCNT(8,8)                   R-INT5@SWCNT(8,8) 

Ŭ 

Ŭ Ŭ Ŭ 

Ŭ Ŭ 

Ŭ Ŭ 
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    R-TS6@SWCNT(8,8)                      P_R-Val@SWCNT(8,8) 

5 6 ᾝ  

2 SWCNT(8,8)ῤ № Ỳ S-Val№ ᾣ  

Fig. 2 The reaction process of S-Val optical isomerism catalyzed by water clusters in SWCNT(8,8) and stationary point 

configuration 

 

 

1 2 ᾝ 

 

3 4 ᾝ 

 

5 6 ᾝ 

3 Ҋ SWCNT(8,8)ῤ S-Val№ ᾣ ל ╩  

Fig.3 Gibbs free potential energy surfaces profile of the optical isomerism reaction of S-Val in SWCNT(8,8) in water 

environment 

Ŭ 
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׆     3 ₮̔ № Ỳ S-Val SWCNT(8,8)ῤ ᾣ ‗ 3 ᾝ̆‗

115.80 kJ/mol̆ ╕ Ҋ‗ ⌠ 104.34 kJ/mol̆ ңҩ ԍ

167.00 kJ/mol[22]̆ ̆ ᵣῤ ᵌԍ SWCNT(8,8) ῤ Val ץ

Ȃ ҹ ԍ 40.00 kJ/mol[22] ̆ ֟ ῍ץ ̆ ץ № Ỳ S-Val

SWCNT(8,8)ῤ ᾣ ֟ ץ R-INT4ȁR-INT5 P_R-Val3 ̆R-INT4

P_R-Val3 № Ȃ ╕ 1ȁ3 6 ᾝ Ҍ ꜛỲ ᵬ ̆ ῒז ᾝ

↕ ԅ ᵬ Ȃ 

2. 2  Ҋ̆S- Val № SWCNT(7,7)ῤ ᾣ ╠  

    Ҋ̆S-Val№ SWCNT(7,7)ῤ ᾣ ╠ ̆ 4̆

╩ ̆ 5̂@water ҹ ╕ ל Ȃ̃ 

    ᾢ 1 ᾝ̆ ᵌԍ 2.1 Ҭ S-Val № SWCNT(8,8)ῤ Ȃ №

S-Val@SWCNT(7,7)̆ S-TS1@SWCNT(7,7) ̆ ⌠ 1Ҭ ᵣ

S-INT1@SWCNT(7,7)ȂS-TS1@SWCNT(7,7)֟ 47.08kJ/mol̆ ╕ ᶏ ⌠

45.03kJ/molȂ 

    2 ᾝ 2̆ҩ № ᵬ ׃ Ŭ̆- -Ŭ׆ Ȃ2ҩ № ҍ S-INT1 323H

307N ᵬ Ҭ ᵣ S-INT1·2H 2O(m)@SWCNT(7,7)̆

TS2·2H 2O(m)@SWCNT(7,7)̆ ԅ 323H ׆ 305C 307N  ̆ 2 Ҭ ᵣ

INT2·2H 2O(m)@SWCNT(7,7)Ȃ׆ S-INT1·2H 2O(m)@SWCNT(7,7)⌠ TS2·2H 2O(m)@SWCNT(7,7) Ҭ  ̆

305C-323Hȁ329O-326H 328O-324H׆ 0.109 5̆0.097 4 0.098 3 nm ᵈ⌠ 0.131 6̆0.144 5

0.155 3 nm ̆305C-307N ׆ 0.145 9 nm ⱴ⌠ 0.148 9 nm̆ Ҭ ԋ

307N-305C-306C-310C׆ 125.59£ ҹ 129.78£Ȃ 3ҩ ᵈ ȁѿҩ ᵈ

ѿ ̕S-INT1·2H 2O(m)@SWCNT(7,7) 323H 329O 0.259 8 nm̆

ԍ S-INT2·2H 2O(m)@SWCNT(8,8) 323H 329O 0.214 6 nm Ȃ ̆

TS2·2H 2O(m)@SWCNT(7,7)֟ ᴪ ԍ TS3·2H 2O(m)@SWCNT(8,8)֟ Ȃᵖ

TS2·2H 2O(m)@SWCNT(7,7)҂ 305C-323H-329Oȁ 329O-326H-328O

328O-324H-307N №≢ 159.58£̆ 160.57£ 161.91£̆ ̆ ̆

TS3·2H 2O(m)@SWCNT(7,7)֟ ῤ Ҍᴪ ̆ 165.64kJ/molȂ ╕ ᶏ

⌠ 150.07 kJ/mol̆ ╕ ԅꜛỲ ᵬ Ȃ 
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       S-Val@SWCNT(7,7)                    S-TS1@SWCNT(7,7)                   S-INT1@SWCNT(7,7) 

              

  S-INT1·2H 2O(m)@SWCNT(7,7)          TS2·2H 2O(m)@SWCNT(7,7)            INT2·2H 2O(m)@SWCNT(7,7) 

4  SWCNT(7,7)ῤ № Ỳ S-Val№ ᾣ ╠  

Fig. 4 The first half reaction process of S-Val optical isomerism catalyzed by water clusters in SWCNT(7,7) and stationary point 

configuration 

 

 

5 Ҋ SWCNT(7,7)ῤ S-Val№ ᾣ ╠ ל ╩  

Fig.5 Gibbs free potential energy surfaces profile of the first half reaction process of the optical isomerism reaction of S-Val in 

SWCNT(7,7) in water environment 

 

2.3  Ҋ SWCNT(8,8)ῤ S- Val № ᴴ 

    ̆ Ҋ SWCNTῤ S-Val№ ᴴ 3ҩ LȁM N̆L  

̆M № ҍ ꜛ ̆N № ҍ

ꜛ Ȃ №≢ 6̂ A ȁ̃̂ B̃ ̂C̃̆ ל ╩ 7̂ @water

ҹ ╕ ל Ȃ̃ 

Ŭ Ŭ 

Ŭ Ŭ 
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    L ̆ ҍ S-Val Ŭ- ᵬ

L_S-Val·(·OH)@SWCNT(8,8)̆ L_TS1·(·OH)@SWCNT(8,8)̆ ⌠֟

L_Val*·H2O@SWCNT(8,8)Ȃ ԅŬ- 323H № ̆Val* ԅŬ- S-Val̆

Ҍΐ Val ̆֞ S-Val ᴴԅ̂* ᴴ № Ȃ̃׆ L_S-Val·(·OH)@SWCNT(8,8)⌠

L_TS1·(·OH)@SWCNT(8,8) ̆ 305C-323H׆ 0.109 6 nm ᵈ⌠ 0.115 7 nm ̆d ԅ 0.006 

1 nm̕ 305C-307N ׆ 0.146 8 nm ⌠ 0.1445 nm̆ Ҭ ԋ 307N-305C-306C-310C׆

124.08£ ҹ 125.01£ ̂ ҹ ̃Ȃ 2.1 ׆

S-INT2·2H 2O(m)@SWCNT(8,8)⌠ TS3·2H 2O(m)@SWCNT(8,8) ̆ ғ

Ŭ- 324H ב ⱬ ̆ L_TS1·(·OH)@SWCNT(8,8)֟ Ҍ ̆

13.31kJ/molȂ ╕ ᶏ ⌠ 18.85 kJ/mol̆ ╕ ԅ ᴴ ᵬ Ȃ

L_TS1·(·OH)@SWCNT(8,8) Ẽ ̂4.683̃ ԍ L_S-Val·(·OH)@SWCNT(8,8) Ẽ ̂5.816̃̆

╕ ᶏ Ẽ L_TS1·(·OH)@SWCNT(8,8) Ẽ

L_S-Val·(·OH)@SWCNT(8,8) Ȃ № ̆Val* ȁà-

ԅ῍ ï ̆ L_Val*·H2O ӊ № ̆ ̆ ᴴ֟ ᵣ

L_Val*·H2O@SWCNT(8,8) № ̆ ל ᵞ ᵝ Ȃ 

    M ̆ № Ҭ ҍ S-Val Ŭ- ᵬ ̆ № ҍ ᵬ ̆

M_S-Val·(·OH)·H2O@SWCNT(8,8)Ȃ M_S-Val·(·OH)·H2O@SWCNT(8,8)

M_TS1·(·OH)·H2O@SWCNT(8,8)̆ ⌠֟ M_Val*·2H2O@SWCNT(8,8)Ȃ

ԅ Ŭ- 323H № Ȃ ׆ M_S-Val·(·OH)·H2O@SWCNT(8,8) ⌠

M_TS1·(·OH)·H2O@SWCNT(8,8) ̆ 305C-323H׆ 0.110 0 nm ᵈ⌠ 0.116 8 nm ̆

305C-307N ׆ 0.146 8 nm ⌠ 0.145 0 nm̆ Ҭ ԋ 307N-305C-306C-310C׆ 124.430

ҹ 125.310̂ ҹ Ȃ̃ 305C-323H 305C-307N ᵈ ԍ╠ ׆

L_S-Val·(·OH)@SWCNT(8,8) ⌠ L_TS1·(·OH)@SWCNT(8,8) ᵈ ̆

M_TS1·(·OH)·H2O@SWCNT(8,8)֟ ֓̆ 15.12 kJ/molȂ ╕ ᶏ ⌠

21.32 kJ/mol̆ ╕ ԅ ᴴ ᵬ Ȃ № ̆Val* ȁŬ-

ԅ῍ ï ̆M_Val*·2H2O № ӊ ץ № M_Val*ӊ № ̆

̆ ᴴ֟ ᵣ M_Val*·2H2O@SWCNT(8,8) ̆ ל ≢ᵞ ᵝ Ȃ 

    N S-Val ̂2.1 ѿ ᾝ̃̆ № Ҭ ҍ S-INT1

Ŭ- ᵬ ̆ № ҍ ᵬ ̆

N_S-INT1·(·OH)·H2O@SWCNT(8,8) Ȃ N_S-INT1·(·OH)·H2O@SWCNT(8,8)
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N_TS2·(·OH)·H2O@SWCNT(8,8)̆ ԅŬ- 323H № ̆ ⌠ ᴴ֟

N_Val*·2H2O @SWCNT(8,8)Ȃ ᵌԍM Ҍ̆Ῥ Ȃ ᾝ 15.31kJ/mol̆

ᵞԍ [7] № S-Val ᴴ 24.36 kJ/mol̆

ӊѿ ԅ ҉ ҍà- ӊ ̆ ҉ à- ב ⱬ

ⱴȂ ӊԋ N_S-INT1·(·OH)·H2O Ẽ ԍ N_TS2·(·OH)·H2O Ẽ ̆

╕ N_TS2·(·OH)·H2O@SWCNT(8,8)r N_S-INT1·(·OH)·H2O@SWCNT(8,8)r

ᵞȂ ╕ ᶏ ⌠ 19.42 kJ/mol̆ ╕ ԅ Ỳ ᵬ ̆

╕ ᵬ ᵞԍ [7] ̆ Ӟ ╕ ╝ ԅ ╕

Ȃ № ̆ ᵌԍ M_Val*·2H2O@SWCNT(8,8)̆ ᴴ֟ ᵣ

N_Val*·2H2O@SWCNT(8,8)Ӟ ≢ ̆ ל ≢ᵞ ᵝ Ȃ 

               

    L_S-Val(·OH )@SWCNT(8,8)           L_TS1(·OH )@SWCNT(8,8)              L_Val*·H2O@SWCNT(8,8) 

(A)  

               

   M_S-Val·(·OH )·H2O@SWCNT(8,8)      M_TS1·(·OH )·H2O@SWCNT(8,8)          M_Val*·2H2O@SWCNT(8,8) 

(B) № ҍ ꜛ  

Ŭ Ŭ 

Ŭ Ŭ 
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 N_S-INT1·(·OH )·H2O@SWCNT(8,8)      N_TS2·(·OH )·H2O@SWCNT(8,8)          N_ Val*·2H2O@SWCNT(8,8) 

(C) № ҍ ꜛ  

6 ̂ № ̃ SWCNT(8,8)ῤ S-Val№ ᴴ  

Fig. 6 The damage process of S-Val induced by hydroxyl radicals (water molecular clusters) in SWCNT(8,8) and stationary point 

configuration 

 

 
7 Ҋ ̂ № ̃ SWCNT(8,8)ῤ S-Val№ ᴴ ל ╩  

Fig.7 Potential energy surfaces profile of the damage of S-Val induced by hydroxyl radicals (water molecular clusters) in 

SWCNT(8,8) in water environment 

 

׆     7 ץ ₮̆ Ҋ ̂ № ̃ SWCNT(8,8)ῤ Val ᴴ

̆ ̆ Ȃ Ҋ SWCNT(8,8)ῤ Val

̂ № ᵬ̃ Ҋ ᴴҌ ̆֞ ᵣῤ Ҋ̆ Val ᴴ ḱ Ȃ

7ҍ [9] ̂ ᴴ 24.36 kJ/mol, ᴴ 82.49 kJ/mol̃ ̆

ᶏ ῒҬ Val № ᵬ Ҋ ᴴ ⱴ Ȃ 

3    

    SWCNT(8,8) SWCNT(7,7) Ҋ̆ Ạ 2̆ҩ № Ỳ Val ᾣ

‗ №≢ 123.39 165.64 kJ/mol̆ ╕ ᶏ ңҩ №≢ ⌠ 104.34 150.07 

kJ/molȂ SWCNT(8,8) Ҋ ̆Val ᴴ 13.31 kJ/mol̆ № ҍ

Ŭ Ŭ 
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ꜛ V̆al ᴴ №≢ 15.12 15.31 kJ/mol̆ ╕ ᶏ №ױ

≢҉ ⌠ 18.85̆ 21.32 19.42 kJ/molȂ ̔SWCNT(8,8) SWCNT(7,7) № Ỳ

Val № ᾣ №≢ΐ Ỳ Ỳ ᵬ ̆ ╕ΐ ꜛỲ ᵬ ̕SWCNT(8,8)

Ҋ ̂ № ̃ Val ᴴΐ Ỳ ᵬ ̆ ╕ Val ᴴ

ᵬ ̆ ᵣῤ Ҋ̆ Val ᴴ ḱץ Ȃ 

̔ 
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