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學生: 陳穎輝                           指導教授: 陳振興 博士 

國立交通大學應用化學系碩士班 

摘要 

利用 IR 光譜研究 3,5-二甲基-2-乙醯基吡咯和 3,5-二甲基-1H-吡

咯-2-甲酸乙酯在溶液中的自結合。3,5-二甲基-2-乙醯基吡咯在稀薄溶

液下呈現順式單體、環狀雙體兩者共存。處理單體 N-H 基吸收度數

據公式 (2-13) 及雙體 N-H 基吸收度數據公式 (2-17) ，可得到單、

雙體N-H基伸縮振動總莫耳吸收係數εm 、εd及自結合平衡常數K。

3,5-二甲基-1H-吡咯-2-甲酸乙酯在稀薄溶液下呈現順式、反式單體及

雙體三者共存。本實驗室推導新的公式，企圖從線性公式 (2-33) 的

斜率 PC、截距 QC、式 (2-36) 的斜率 Pt、截距 Qt及式 (2-39) 的斜率

Pd、截距 Qd中求取順式、反式單體及雙體 N-H基的總莫耳吸收係數

εC、εt、εd及單體構型轉換平衡常數 K1和自結合平衡常數 K2。但

是除了雙體總莫耳吸收係數εd可由 Qd得到外，其餘並不可得。此由

於 PC、Pt、QC、Qt相依，可由 Jacobian函數檢視證明之。為了克服

相依性所帶來這個困境，以 PBE1PBE/6-311++G**計算出εC/εt，並

與實驗求得的反式、順式單體 N-H基吸收帶的吸收度 At、AC代入 K1= 
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(At/AC)(εC/εt)中。K1再代入式 PC、Pd、QC及 Qt中，即可求出εC、

εt、K2。 

    當溶劑的介電常數越大，單、雙體 N-H 基的伸縮振動頻率會往

低頻位移，此與 KBM 預測的趨勢相符。隨溶劑介電常數的增加，3,5-

二甲基-1H-吡咯-2-甲酸乙酯單體構型轉換標準焓ΔH1
O、自結合標準

焓ΔH2
O皆減少。當溶劑的介電常數增加使得單、雙體 N-H基吸收帶

的半高寬變寬。實驗的結果發現，雙體 N-H 基總莫耳吸收係數大於

單體 N-H基總莫耳吸收係數。G. C. Pimentel與 T. Ebata認為這與質

子受體、質子予體之間電荷分佈急劇改變有關，進而使偶極距改變率

dμ/dr增加所致。本實驗在探討溶劑對單、雙體 N-H基伸縮振動強度

的影響時套用了M. I. Nasser和 E. Hirota的方法。但溶劑對強度的影

響不是很顯著，因此無法用此方法解釋，但定性來說隨溶劑極性越大，

單、雙體 N-H基強度越強。 
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Infrared Spectroscopy Studies on the Self-Association of 2-Acetyl-3,5- 
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Abstract 

The self-association of 2-Acetyl-3,5-dimethylpyrrole (ADP) and 
Ethyl 3,5-dimethyl-1H-pyrrole-2-carboxylate (EDPC) in various solvents 
have been studied using infra-red spectra. The molar absorption 
coefficient of N-H stretching for ADP monomer and ADP dimer are 
obtained from the equation derived from the concentration dependent 
integrated absorbance of monomer bands and those of dimer bands, 
respectively. So does the dimerization constant obtained independently 
from them. The letter offers an opportunity to check the consistency of 
the determination. 

As for EDPC, the spectra is found that two N-H bands exist in 
monomer region. This system is a monomer-dimer self-association 
accompanying a cis-trans inter-conversion in monomer. Our three linear 
plots respectively for cis, trans monomer and dimer bands are unable to 
give the molar absorption coefficients of cis and trans monomer N-H 
stretching ε C, ε t and cis-trans interconversion constant K1, 
dimerization constant K2, except for the molar absorption coefficient of 
dimer band. To overcome this difficulty, we resort to quantum chemical 
calculation using PBE1PBE/6-311++G** functional to give the ratioεC/
εt. The letter enables us to estimate K1 from the ratio of integrated 
absorbance At/AC. With K1 known, other parameters K2, εC andεt can 
be solved. The solvent effect on the frequency shift, band width, band 
intensity and enthalpy of dimerization are also discussed.   
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 ಃ΋കಃ΋കಃ΋കಃ΋ക  ᆣፕᆣፕᆣፕᆣፕ 

1.1 ణᗖᙁϟణᗖᙁϟణᗖᙁϟణᗖᙁϟ 

    Γᜪޑ DNA ֖Ԗᒪ໺ૻ৲ޑϩηǴԶ DNA җ΋ঁᚈިᖥ௽ࢂ

җữ୷ࢂణᗖǶೈқ፦ࢂߡ௢ЋޑᄬࠠǴനεޑѬڰಔԋǴाૈᛙ܌

ለ܌ᄬԋǴѬڀԖѤભ่ᄬǶ1951ԃ Paulingک Corey1ਥᏵ΋٤ᙁൂ

ϯӝނǴٯӵ:ữ୷ለǵΒᴏ两ޑ X ৔ጕ඲ᡏკǴගрΑӭᴏ两่ᄬǴ

ೈқ፦ЬाࢂǴѬॺ(β-pleated sheet) ᠄שӵ͉ᖥ௽ (α-helix)ǵ͊ٯ

ᴏځೈқΨ൳Яҗ͉ᖥ௽ಔԋǴفॺᓐᎳЬाೈқ͉ךΒભ่ᄬǶޑ

两ᗖ໔аణᗖ่ӝǶځдӵ DNA Ծಔԋڼԯᆅڼޑԯೌמ ᕍݯک2

ဍዦᛰࣗނԿډᛰނϯᏢ 3Ψ೿ੋϷډణᗖǴӢԜࣴزణᗖࢂख़ाޑ

ፐᚒǶ 

α-ᖥ௽ᆶ β-ࢂ᠄שа N-H···C=O ణᗖ่ӝǴٰၲډᛙ่ۓᄬբ

ҔǶલЮ β-ޑ᠄שೈқ፦৒ܰεໆ׎ޑԋᠼᆢރᆫӝᡏ (aggregate)Ǵ

೷ԋઓ࿶܄૰ଏϷ੯ੰ 4Ƕ 

    ణᗖё߄Ңࣁ A-H···BǴځύ A  চη(ӵ: Nǵ Oǵޑࡋଯႝॄࣁ

F)ǴB Ԗπ֖܈চηࡋଯႝॄޑҥႝηჹېԖ֖ࣁ ႝη໦ޑ҂Ⴋسک

಍ (ӵޱ३௼ϯӝނ)ޑచҹࣁǶ྽΋ঁ፦ηගޣٮ (proton donor) ௗ

ԋణᗖǶ೯தణ׎ܭਔǴԖճ (proton acceptor) ޣڙќ΋ঁ፦ηௗ߈
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ᗖ٩բҔૈ͍ம১ёϩࣁΟᅿ:மణᗖ (͍ɧ   /  10 molkcal )ǵύణᗖ (͍

=3-10   / molkcal )ǵ১ణᗖ (͍ɦ3   / molkcal ) 5Ƕ 

1968ԃ A. S. N. MurthyࣴزԾ่ӝణᗖૈໆጄൎ 6Ǵӵკ ܌1.1

ҢǶךॺёаᙖҗკΑ Ǵှ྽ N-H ܈ O-Hᆶ፦ηௗ׎ޣڙԋޑణᗖǴ

Ԝᜪ೯தૈ׎ԋၨமޑణᗖǶऩࢂҗ S-H ܈ C-H ᆶ፦ηௗ׎ޣڙԋ

 ১ణᗖǶࢂ߾ణᗖǴޑ

 

 

კ 1.1   Ծ่ӝణᗖૈໆጄൎǶ 

[ЇԾ ref. 6, A. S. N. Murthy and C. N. R. Rao, Appl. Spectrosc. Rev. 2, 

69 (1968).] 
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Vinogradov 7ஒόӕణᗖ่ޑӝБԄǴϷ዗ΚᏢୖኧ଺΋ঁ᏾౛Ǵ

ӵ߄ 1.1ǶԜ่݀ҭᆶ Murthy่݀ޑ಄ӝǶךॺёаஒჴᡍ؃ளޑణ

ᗖૈໆᆶ Vinogradovک Murthy่࣬݀ޑϕჹྣǴаᔠᡍࢂց಄ӝǶ 

߄ 1.1   ճҔణᗖ܌ෳளϩη໔ణᗖ዗ΚᏢୖኧॶ 

 

Type of    H bond system Phase or 

solvent 

-ɆGO 

Kcal/mol 

-ɆHO 

kcal/mol 

-ɆSO 

kcal/mol 

method ref 

 Cholesterol-triacetin CCl4 0.63 4.3 - IR 8 

 Acetic acid vapor - 7.3±0.5 1.81±2.0 IR 9 

 

Water-dioxane CCl4 - 3.3-3.7 - PMR 10 

 

Phenol-dioxane dioxane - 4.87 - IR 11 

 

Phenol-triethylamine CCl4 - 8.56 - IR 11 

 

Methamol- 

triethylamine 

vapor - 7.6±0.5 - IR 12 

 

γ -butyrolactam CCl4 1.66 3.5±0.4 6.2 IR 13 

 

2-pyridone CCl4 2.63 4.4±0.4 6.0 IR 14 

 

      
 
 
 
 
 
 
 
 
 

OHO C

OHO C

OHO

OHO

NHO

NHO

HN CO

HN CO
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    ΋૓ԶقǴӧؒԖமޑϩη໔բҔΚǴٯӵణᗖǵႝ಻ᙯ౽ 

(charge transfer) ޑ௃ݩΠǴᒿϩηໆቚуǴϩηޑྋݦᗺቚуǶӵ݀

Ԗϩη໔ӸӧԾ่ӝǴѬ཮٬ϩη߄ޑ౜ϩηໆ (apparent molecular 

mass) ቚуǴЪ཮К࣬߈ϩηໆՠόڀణᗖޑϯӝނԖ׳ଯޑྋǵݦ

ᗺ 7ǶӢԜѬޑᇃ਻ᓸ཮ၨคణᗖՠ࣬ӕϩηໆޑλǴӢԜऩाၲډ

ၟคణᗖϯӝނ΋ኬᇃ਻ᓸǴ൩Ѹ໪ቚуྕࡋаගٮ୏ૈǴլܺణᗖ

 ቹៜǶޑ

౛གྷྋనߚ፦ᢀᗺٰ௖૸Ծ่ӝӵՖ೷ԋ܄ॺவ٩ኧך     15ǴӢ٩

ኧ܄፦ѝᆶಈηঁኧԖᜢԶᆶಈηނᅿคᜢǴӧൂᚈᡏӅӸ௃ݩΠᕴ

ಈηᐚࡋ O][ ′B ࡋᡏᐚൂࣁ ][B ᆶᚈᡏᐚࡋ ][ 2B ፦ໆܭǶќ΋Бय़җکޑ

่ᆉ (material balance)Ǵൂᡏ࿶җణᗖԾ่ӝԋᚈᡏǴB  ࡋଛ࿼ᐚޑ

(prepared concentration) O][B ࣁ߾ ][B ᆶ ]2[ 2B ǶӢԜӧؒԖԾ่ӝکޑ

௃׎Π 0][ 2 =B Ǵᕴಈηᐚࡋ཮฻ܭ B ߾Ǵࡋଛ࿼ᐚޑ OO ][][ BB =′ Ǵ೭

྽Ծ่ӝӸӧਔ OOࢂǶՠ׎௃ޑଷ೛ӧ౛གྷྋనࢂ ][][ BB <′ Ǵ٬ྋన

և౜ߚ౛གྷ܄Ǵୃځᚆ౛གྷྋనॶёҗ
O

O

][

][
-1

B

B ′
=η ໆࡋϐǶҗߕᒵ A

؃ள 

酚

 
 O][811

1
-

2

1

BK++
=η ܈(1-1) 

(A-5) 
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җϦԄ (1-1) ஒηჹ O][B ଺კள่݀ډӵკ 1.2Ƕ 

 

0.000 0.005 0.010 0.015 0.020 0.025 0.030 0.035
0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35
η

[B]
O
 / mol L-1

K=60

K=30

K=10

K=2

 
 

კ 1.2   Ծ่ӝѳᑽதኧ K = 2ǵK = 10ǵK = 30Ϸ K = 60ਔǴηᆶ O][B

٩Ӹᜢ߯Ƕ 
 

வკ 1.2ว౜ǴӧཱུีញྋనΠ 0≅η Ǵ߄Ңྋనࢂௗ߈౛གྷྋన௃׎Ƕ

྽ԖԾ่ӝౢғਔǴηᒿ๱ᐚࡋϷԾ่ӝѳᑽதኧ K ቚуԶቚуǴޑ

ྋనຫୃᚆ౛གྷǶ 
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1.2 ణᗖ่ӝதـኳԄణᗖ่ӝதـኳԄణᗖ่ӝதـኳԄణᗖ่ӝதـኳԄ 

    ϐ߻ჴᡍ࠻ճҔआѦӀ᛼ࣴڀزԖҥᡏምᛖޑᎇᜪ 2,2-ΒҘ୷

-3-Ό୷-3-ѹᎇ (2,2-dimethyl-3-ethyl-3-pentanol )16ǴӧྋనΠ೸ၸϩ

η໔ణᗖǴౢғԾ่ӝኳԄǶҗܭҥᡏምᛖޑᜢ߯Ǵ၀ϩηόܰ೸ၸ

ጕ่܄ӝޑБԄ׎ԋӭᡏǴԶε೽ϩൂࣁᚈᡏѳᑽǶ 

    คҥᡏምᛖޑᎇᜪǴٯӵ: ΋ભᎇᜪ ǵ Βભᎇᜪ฻Ǵ৒ܰаጕ

БԄԾ่ӝԋӭᡏǶ1947ԃ܄ O. Redlick17,18ᇡࣁᚈᡏǵΟᡏǵѤᡏ…

฻ࢂаጕ܄БԄ่ӝǴа 1   +=+ nn BBB ҢǴB߄ ᡏǵൂࣁ nB ࣁ n ᡏ 

((n)-mer)ǵ 1+nB ࣁ n+1ᡏ ((n+1)-mer)Ǵѳᑽதኧ߄Ңԋ
]][[

][

1

1
)1(

n

n
nn BB

B
K +

+ =  Ǵ

n = 1,2,3…Ƕஒ )(21K 、 )(32K 、… )1( +nnK ॶ೿зԋ΋ኬǶ1976ԃ G. öjelund19

ճҔ M. Davies20,21ޑБزࣴݤㄽữ (amide) ޑԾ่ӝǴբޣҭଷ೛ᚈ

ᡏǵΟᡏǵѤᡏ…฻ࢂаጕ܄БԄ่ӝǶൂᡏԾ่ӝԋᚈᡏޑѳᑽத

ኧࣁ 2K ǴԜۓကᆶ 1(2)K ԋ׎ॊ߻Ǵޑӕ࣬ࢂ n+1 ᡏޑѳᑽதኧ G. 

öjelund߄Ңࣁ 1+nK ǴԶόӆݮҔ )1( +nnK Ƕՠࢂ M. Daviesᆶ O. Redlick

ǴM. Daviesଷ೛ܭόӕӧޑଷ೛നεޑ KKKKK n ====<   ...    432 Ƕҗ

БԄ่ӝǴӢԜ؂ঁ܄аጕࢂԾ่ӝޑ ଷ೛ㄽữ (amide)ޣբܭ n

ᡏ (n-mer) ࣣԖ΋ঁ҂ᗖ่ԋణᗖޑ N-H ୷Ǵёаஒ҂ᗖ่ N-H ୷

ᕴᐚࡋ fB][ Ңԋ߄ ∑
∞

=

=
1  n

][  ][ nf BB Ǵ ][ nB ࣁ nᡏᐚࡋǴㄽữޑᕴᐚࡋ tB][ ё

а߄Ңԋ 
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fbt BBB ][][  ][ +=  (1-2) 
 

 

bB][ ᗖ่ԋణᗖࣁ N-H ୷ޑᐚࡋǶҗѳᑽதኧۓޑက
]][[

][

1

1
1

n

n
n BB

B
K +

+ = Ǵ

рפவύ܄ࡓॺёаҗೕך n ᡏᐚ߄ޑࡋҢԄӵΠ 

 
 
 

       ... 3, , 2n                                                                  

 ])[ ( )
 

(                                                                       

 ][    ][                                                                

  ...                                                                

][    ][             
][

][
 

]][[

][
   

][ ][                 
][

][
 

]][[

][
    

][][                                               
][

][
  

2
2

2

2

4
2

2

44
23

4

3

4
4

3
233

2

3

2

3
3

2
222

2
2

=

=

=

====

====

==

−

n

nn

n

BK
K

K

BKKB

BKKB
BKK

B

BB

B
KK

BKKB
BK

B

BB

B
KK

BKB
B

B
K

 

 
 
 
 
 
(1-3) 
 

 

բۓޣကᕴᐚࡋ  ][ tB ࣁ ∑
∞

=

=
1 n

][  ][ nt BnB ǴӢԜёаஒϦԄ (1-3) ޑ nB][ ೯

ԄжΕ᏾౛ԋ 

 
 

         ][ ][ )
 

(-])[ ( )
 

(          

])[ ( )
 

( ][ ][   ][

2

1n
2

2

2n
2

2

1n 

BB
K

K
BKn

K

K

BKn
K

K
BBnB

n

n
nt

+=

+==

∑

∑∑
∞

=

∞

=

∞

=  

 
 
 
(1-4) 

 

җኧᏢԄޕ  )1(  2

1  

−
∞

=

−=∑ xxnx
n

n ӧ 1<x ਔǶӢԜाжԜኧᏢԄϐך߻ॺѸ

໪ዴᇡ ][3 BK ܭցλࢂ 1Ǵךॺёа٩ n
n BK

K

K
B ])[ ( )

 
(][

2
2= ղձǴ྽ଷ೛

1][3 >BK ӧ߾ ∞≈n ਔǴ ∞≈][ nB ǶԜ่݀όӝ౛ǴӢԜёаղᘐ 1][ <BK Ƕ
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ॺஒኧᏢԄжΕԄ酚(1-4熵酚᏾౛ԋ酚ך

酚

 
 

        1}-) ][ -(1 {][)
 

(][   ][ 2-
2
2 BKB

K

K
BB t +=  (1-5) 

 

酚

ޕॺך ∑
∞

=

=
1  n

  ][ nf BB ǴёаஒԄ (1-3) ύ nB  ೯ԄжΕǴ᏾౛ԋޑ

 
 
 

 1- ][  ][)
 

( -])[ ( )
 

(         

     ])[ ( )
 

(][ ] [  ][

2

0 n 
2

2

2 n 
2

2

1 n 

BB
K

K
BK

K

K

BK
K

K
BBB

n

n
nf

+=

+==

∑

∑∑
∞

=

∞

=

∞

=  

(1-6) 
 

酚

җኧᏢԄޕ  
-1

1
  

0  
∑

∞

=

=
n

n

x
x ӧ 1<x ਔǶךॺஒϐᔈҔܭԄ (1-6) ٠᏾౛ԋ 

 
 
 1][                           

][ 1

][
][   ][

2
2 <

−
+= BK

BK

BK
BB f  

(1-7) 
 

酚

നࡕஒԄ (1-2)ǵ(1-5) Ϸ (1-7) ᏾౛ள 

 
 
 

bf

bf

bf

b

BB

BB
KK

BB

B

][][

][][
 

][][

][
2/1

2/1
2

2/1

−
+=

−
 

(1-8) 
 

酚

ஒ
bf

b

BB

B

][][

][ 2/1

−
ჹ

bf

bf

BB

BB

][][

][][ 2/1

−
բკǴҗ௹౗ǵᄒຯёа؃рൂᡏԾ่ӝԋ

ᚈᡏޑѳᑽதኧ 2K ǵӭᡏޑѳᑽதኧ  K ǶவӀ᛼ၗ਑ךॺёа՗ᆉ
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р fB][ ӵΠ 

 
 
 
 t

bf

bapp
f B

εε

εε
B ][

 

  
 ][

−
−

=  
(1-8) 
 

 

appε ࣁ N-H ᢀ (apparent) ֎ԏ߯ኧǴ߄ bε ࣁ N-H ୷ᗖ่ԋణᗖ֎ԏ߯

ኧǴ fε ᡏൂࣁ N-H ୷֎ԏ߯ኧǶҗ appε ჹ xբკǴ xࣁྋ፦ವԸϩ౗Ǵ

Ѧකډ 0  =x ளډ fεǶ྽Ѧකډ 1  =x ਔǴёளډ bεǶӵԜёаीᆉр fB][ Ǵ

຾Զҗ ftb BBB ][][  ][ −= ؃ள bB][ Ƕբޣଷ೛ӧ 1  =x  (પྋ፦) ਔ܌Ԗ

N-H ୷ࣣ཮ࣣ཮ᗖ่ԋణᗖǶऩ٩่ӝޑБԄѝࢂаጕ߻ࣁ܄ගǴ௢

ᘐ܌Ԗྋ፦ϩηஒ཮ᆫӝԋ΋చޑߏࡐጕ܄ӭᡏǴँᡉځҟ࣯ǴӢԜ

ճҔԜ܌ݤள bε ஒԖཱུεᇤৡǶO. Redlickᆶ M. DaviesޑБݤёа؃

ளӚᅿѳᑽதኧǴ຾΋؁՗ᆉр዗ΚᏢୖኧǴՠஒ܌Ԗӭᡏޑѳᑽத

ኧ೿ଷ೛ԋ΋ኬࢂόӝ౛ޑǴӢԜளޑډ዗ΚᏢୖኧ൩ᡂளၨόё᎞Ƕ

ӵ݀س಍ڀӭᡏǴ཮٬ளس಍ᡂፄᚇϯǴाྗዴ؃рӭᡏޑѳᑽதኧ

Ǵ௓܄ፄᚇޑ಍سᙁϯࢂޑǴҞࡋᐚޑॺफ़եჴᡍךа܌όёૈǴࢂ

಍ЬाаൂǵᚈᡏӸӧǴԜБԄωૈ؃ளൂᡏԾ่ӝԋᚈᡏѳᑽسڋ

தኧǶ 

    ӧ 1957ԃ H. S. Frank22ࣴزНޑԾ่ӝᄬࠠǴНϩηᆶНϩη

ϐ໔೸ၸణᗖԾ่ӝԋНϩηޑӭᆫᡏ (cluster)Ǵӵკ 1.3Ƕ 
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კ 1.3    НޑԾ่ӝኳԄ 

 

[ЇԾ: ref. 22, H. S. Frank and W. Y. Wen, Discuss. Faraday Soc. 24, 

133 (1957) .] 

 

    НϩηӢคҥᡏምᛖǴ܌а৒ܰԾ่ӝԋ᜘ރǵᆛރǵࣗԿࢂᕉ

ӭᆫᡏǶԶޑރ S. W. Benson23ΨࣴزНޑԾ่ӝǴ௢ᘐН৒ܰ׎ԋ

ΖᆫᡏکᕉރѤᆫᡏ่ޑᄬǴӵკ 1.4ǵკ 1.5Ƕ 

 
 
 



11 
 

 
 

 

კ 1.4    НԾ่ӝԋΖᆫᡏǴaǵb่ᄬ՟΋ҥБᡏǴc׎ԋΟᕉ่

ᄬǴdࣁᚈᕉ่ᄬ 

[ЇԾ Figure 1 in ref. 23, S. W. Benson and E. D. Diebert, J. Am. Chem. 

Soc. 114, 4269 (1992) .] 
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კ 1.5    НԾ่ӝԋѤᆫᡏ a่܄ཱུڀᄬѤᆫᡏ bό่܄ཱུڀᄬѤ

ᆫᡏǶ 

[ЇԾ Figure 2 in ref. 23, S. W. Benson and E. D. Diebert, J. Am. Chem. 

Soc. 114, 4269 (1992) .] 

 

ό໻໻ϩη໔཮׎ԋణᗖǴӧϩηϣΨёૈౢғణᗖǶ྽΋ϩη

ӕਔڀԖ፦ηගޣٮᆶ፦ηௗޣڙਔǴЪޣٿೀܭԖճ׎ԋణᗖޜޑ

໔Տ࿼ਔǴ൩Ԗᐒ཮׎ԋϩηϣణᗖǶࠠڂϩηϣణᗖ፦ηගޑޣٮ

H ᆶ፦ηௗޣڙຯᚆऊӧ ډ1.4 2.5Ǻϐ໔ 7Ƕ2-ෛश⇌ 24ǵΌΒለ 25

Ϸ 1,2-ΌΒᎇ 26 ೭ᜪޑϯӝނ൩ڀࠠڂࢂϩηϣణᗖޑϩηǶа 2-

ෛश⇌ٯࣁηǴҗܭ OHᗖᆶᎃՏޑෛࡐௗ߈ǴӢԜԖճ׎ܭԋϩη

ϣణᗖǶ 
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    ᎉለᆶϣㄽữ (lactam) ೭΋ᜪޑϯӝނӢྋ፦ӕਔڀԖ፦ηග

׎ਔǴϩηᆶϩηϐ໔৒ܰԾ่ӝ߈ϩηௗٿǴ྽ޣڙᆶ፦ηௗޣٮ

ԋᕉރᚈᡏӵΠკ ᚈᡏރϣㄽữԾ่ӝԋᕉࣁ1.6 27Ƕ 

 
 

 

კ 1.6   ϣㄽữԾ่ӝԋᚈᡏკ 

[ЇԾ scheme 1 in ref. 27, N. A. prokopenko, I. A. Bethea, C. J. 

Clemens, 4th, A. Klimek, K. Wargo, C. Spivey, K. Waziri and A. 

Grushow, Phys. Chem. Chem. Phys. 4, 490 (2002).] 

 

    1953ԃ J. D. Watsonک F. H. C. Crick28ճҔ X ৔ጕ़ޑ৔ၗ਑ࣴ

ҥΑࡌѐ਼ਡᗐਡለ (Deoxyribose Nucleic Acid)Ǵز DNA Οᆢኳޑ

ࠠǴΨගрΑ DNA ᄬǴӵკ่ޑ΋ᚈިᖥ௽ࢂ 1.7 
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კ 1.7    DNAᚈިᖥ௽่ᄬҢཀკ 

[ЇԾ ref. 28, J. D. Watson and F. H. C. Crick, Nature 171,737 (1973).] 

 

    DNA ൎᙅӕځಔԋǴ܌ӭਡ㧿ለ᜘ޑచѳՉٿҗࢂᚈިᖥ௽ޑ

΋ύЈືǶԶ΋చ᜘΢ޑᡵ୷೸ၸణᗖᆶќ΋చ᜘΢ޑᡵ୷ೱௗǴ׎

ԋᡵ୷ჹǴϩη໔೸ၸణᗖౢғ౦่ӝǴаၲډᛙ่ۓᄬޑҞޑǶAǵ

TǵG ک C ϩձ߄Ңဏ㧿  (adenosine)ǵૅ㧿  (thymidine)ǵച㧿 

(guanosine) کझ㧿  (cytidine)ǶA ᆶ T ଛჹǴૈ׎ԋঁٿణᗖǴG

ᆶ CଛჹǴૈ׎ԋΟঁణᗖ 29Ǵӵკ 1.8Ƕ 
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კ 1.8    DNAᚈިᖥ௽ٿచӭਡ㧿ለ᜘Ңཀკ 

[ЇԾ Figure 3-11 in ref. 29, D. Voet, J. G. Voet and C. W. Pratt, 

Foundamentals Of Biochemistry (John Wiley & Sons, New York, 1999).] 

 

ۓᡵ୷೸ၸణᗖٰᛙޑచ᜘ٿ     DNA ؂ືߏޑ๱ᖥ௽ݮᄬǶ่ޑ

ᙯ΋୮֖Ԗ 10ঁᡵ୷ჹǴᖥຯࣁ 3.4 nmǶ 
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    ӧ DNA ᚈިᖥ௽ٯޑηύόӕᡵ୷ჹ೸ၸణᗖౢғ౦่ӝǴ٣

ჴ΢ᡵ୷ჹϐ໔ҭ཮ౢғԾ่ӝǶ2001ԃ M. Furukawa30ճҔ௟ඔ

ऀᒾԄᡉ༾᜔ (scanning tunneling microscope) ࣴز DNA ύᡵ୷ϩ

ηޑԾ่ӝǴ٠ଛӝъ࿶ᡍϩηॉୱीᆉ (semiempirical moleculr 

orbital)Ǵ௢ᘐച❥ᩫ  (guanine)ǵဏ❥ᩫ  (adenine) کझ❣ᾕ 

(cytosine) ڀԖᛙۓᚈᡏ่ᄬӸӧǶځԾ่ӝаᕉރᚈᡏӸӧǴӵკ

1.9ǵკ 1.10ǵკ 1.11 
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კ 1.9    ച❥ᩫԾ่ӝԋᚈᡏёૈ่ޑᄬ 

 

[ЇԾ Figure 2 in ref. 30, M. Furukawa, H. Tanaka and T. Kawai, J. Chem. 

Phys. 115,3419 (2001).] 
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კ 1.10    झ❣ᾕԾ่ӝԋᚈᡏёૈ่ޑᄬ 

 

[ЇԾ Figure 2 in ref. 30, M. Furukawa, H. Tanaka and T. Kawai, J. Chem. 

Phys. 115,3419 (2001).] 
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კ 1.11    ဏ❥ᩫԾ่ӝԋᚈᡏന፾ (optimal) ่ޑᄬ 

 

[ЇԾ Figure 2 in ref. 30, M. Furukawa, H. Tanaka and T. Kawai, J. Chem. 

Phys. 115,3419 (2001).] 

 
 
 
 
 
 
 



 

1.3 ӵՖճҔआѦӀ᛼ٰࣴزణᗖӵՖճҔआѦӀ᛼ٰࣴزణᗖӵՖճҔआѦӀ᛼ٰࣴزణᗖӵՖճҔआѦӀ᛼ٰࣴزణᗖ

    ճҔआѦӀ᛼ૈ୼ୀෳϩηਁޑ୏ᓎ౗

ᢀჸ፦ηගޣٮ A-H

ޣڙ B ԋణᗖǴआѦӀ᛼ё׎

ӭᡏڙణᗖቹៜޑ A

ၨቨǶᚈᡏޑᕴ֎ԏ߯ኧΨၨൂᡏε

ణᗖ׎ԋǶ 

    ӧ 1968ԃ F. S. Parker

ᄬӵΠკ่ޑᎇڰԾ่ӝǶᖌޑ
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ӵՖճҔआѦӀ᛼ٰࣴزణᗖӵՖճҔआѦӀ᛼ٰࣴزణᗖӵՖճҔआѦӀ᛼ٰࣴزణᗖӵՖճҔआѦӀ᛼ٰࣴزణᗖ 8,16,27,31,32 

ճҔआѦӀ᛼ૈ୼ୀෳϩηਁޑ୏ᓎ౗Ǵࣴ ణᗖ೯த཮ز

H ޣٮ՜ᕭਁ୏ᓎ౗Ƕऩ፦ηගޑ A

आѦӀ᛼ёӕਔୀෳൂډᡏ A-H ܈୏Ϸᚈᡏਁޑ

A-H ਁ୏Ƕ೯தޣࡕၨޣ߻ᓎ౗ࣁե

ᚈᡏޑᕴ֎ԏ߯ኧΨၨൂᡏεǴёаҗа΢൳ᗺٰዴᇡࢂցԖ

F. S. Parker 8ΨճҔआѦӀ᛼ࣴزᖌڰᎇ 

ᖌڰᎇ่ޑᄬӵΠკ  Ң܌1.12

 

კ 1.12   ᖌڰᎇ่ޑᄬკ 

೯த཮๱ख़ӧ

A-H ᆶ፦ηௗ

܈୏Ϸᚈᡏਁޑ

೯தޣࡕၨޣ߻ᓎ౗ࣁեǴъଯቨҭ

ёаҗа΢൳ᗺٰዴᇡࢂցԖ

 (cholesterol)
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    ᖌڰᎇޑ OH୷ឦܭΒભᎇǴ٠คҥᡏምᛖ่ޑᄬǴӢԜ྽ךॺ

ቚуᖌڰᎇޑᐚࡋਔǴྋ፦ܰᆫ໣ԋᚈᡏǵࣗԿࢂӭᆫᡏǶӵआѦӀ

᛼კ  ҢǶ܌1.13

 
 

კ 1.13   ᖌڰᎇྋܭѤෛϯᅹྋᏊΠ OH ୷ޑआѦӀ᛼კǴྕࡋ௓

ӧڋ 23ʚǴᐚࡋϩձࣁ 0.014Mǵ0.0019Mǵ0.0039Mǵ0.0061M

Ϸ 0.2MǶ 

[ЇԾ Figure 1 in ref. 8, F. S. Parker and K.R. Bhaskar, Biochemistry 7, 

1286 (1968).] 

 

    ྽ᖌڰᎇޑᐚࡋӧ 0.014MਔǴ൳ЯѝԖൂᡏǴᐚࡋ 0.039Mа

ΠਔǴԾ่ӝౢғᚈᡏǴՠᐚࡋၸଯջр౜ӭᆫᡏǶჴᡍᐚࡋѸ໪௓



22 
 

ࡋӧᐚڋ 0.039MаΠǶF. S. Parker8ΨճҔ Liddelک Becker32ӧ 1957

ԃ٬܌Ҕཱུज़௹౗ޑБݤӵკ 1.14 

 

 

 

კ 1.14   ᖌڰᎇൂᡏವԸ֎ԏ߯ኧ mε ჹᕴᐚࡋ cբკ 

[ЇԾ Figure 2 in ref. 8, F. S. Parker and K.R. Bhaskar, Biochemistry 7, 

1286 (1968).] 

 

    ӧཱུีᐚࡋΠǴ mε ჹᐚࡋ cբკѦකډᐚࣁࡋ 0ளൂډᡏವԸ֎

ԏ߯ኧ O
mε Ǵཱུځ٠؃ज़௹౗ 0

m )( →Cdc

dε
ǴനࡕжΕ Liddel ک Becker32Ϧ

Ԅ 

 
 
 

O
m

0

m 2 εK
dc

dε
d

c

−=






→

 (1-9) 
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    ёа؃ளൂᚈᡏԾ่ӝѳᑽதኧ dK ǶஒόӕྕࡋΠ؃ளޑԾ่

ӝѳᑽதኧբ van’t Hoff კளډԾ่ӝ኱ྗ₲Ǵ∆HOǶ 

ޑǴ೷ԋӀ᛼ፄᚇϯ׎΋٤௃ډॺӧճҔआѦӀ᛼ਔΨ৒ܰၶך    

চӢ 29Ǵхࡴ७ᓎ ( overtone )ǵ຤ԯӅਁ (Fermi resonance )ǵణᗖک

 ԏঢ়ϷౢғӭᡏǶ֎ٳдϩη໔բҔǴӝځ

    ७ᓎ ( overtone ) ૈ۔ࡰ୷୷ҁ (fundamental) ਁ ୏ᓎ౗εऊٿ

७ޑӦБр౜֎ԏঢ়Ƕঁٿ୷ҁᓎ౗ӧݢኧ 1ν ک 2ν ǴଽԶӧ )( 21 ν+ν ᓎ

౗Տ࿼཮Ԗӝٳ֎ԏঢ় (combination bands) ǶౢғӭᡏΨ཮٬ӭᡏ

ࢂԏঢ়షӝӧ΋ଆǴाஒ؂΋ঁ֎ԏঢ়ϩᚆрٰ٠ዴᇡϐǴዴჴ֎ޑ

΋ҹᜤ٣Ƕ຤ԯӅਁ (Fermi resonance)ࣁ྽ӧ७ᓎ܈ӝٳ֎ԏՏ࿼ߕ

൳Я࣬ӕࡋமঁٿ཮ϩԋ߾Ԗ୷ҁ֎ԏᓎ౗ਔǴޑيϩηҁډǴၶ߈

 Ȩ຤ԯᚈঢ়ȩ(Fermi doublet)ǶࣁǴᆀୁٿޑႣයᓎ౗ܭঢ়ǴՏঁٿޑ

     

1.4  ݤБޑݤБޑݤБޑݤБޑణᗖزдࣴځణᗖزдࣴځణᗖزдࣴځణᗖزдࣴځ

    ၸѐԖ೚ӭࣴزణᗖБݤǴхࡴΑਡᅶӅਁ 33,34ǵ ๋ѦӀ/ёـ

Ӏ 35ǵआѦӀ᛼ 16,27,31,36ǵX-Ray ᙅ৔ 37฻ǶځύΞаआѦӀ᛼ᆶਡ

ᅶӅਁޑБݤനቶ٬ࣁҔǶ1963ԃ B. G. Somersک H. S. Gutowsky38

ճҔ NMR زࣴ 2-౦Ч୷⇌ྋܭѤෛϯᅹύޑԾ่ӝ౜ຝǶբޣճҔ

M. Saundersک J. B. Hyne37ӧ 1958ԃ܌௢ᏤޑϦԄ
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 )(2 )( d0C m
obs K

dc

d δ−δ=δ
→ ёа؃ளԾ่ӝѳᑽதኧ KǴஒᢀෳډ OHޑ

ϯᏢՏ౽ obsδ ჹᐚࡋ cբკǴѦකԿᐚࣁࡋคज़ีញਔǴځᄒຯൂࣁ

ᡏՏ౽ mδ Ƕ dδ ᆶӭᡏϯᏢՏ౽ pδ ৡόӭǴӢԜёаቪԋ dδ≈δp Ǵ pδ ࣁ

પ (pure) ᎇᜪ O-Hᗖ H ϯᏢՏ౽Ƕа΢่݀жΕޑ M. Saundersޑ

ϦԄёаளൂډᚈᡏԾ่ӝѳᑽதኧ KǶ୷ҁ΢ obsδ ჹᐚࡋբკ೭చ

Ԕጕӧեᐚࡋਔߚࢂጕޑ܄ǴЪᒿ๱ᐚࡋᡂϯǴܰ೷ԋᄒຯޑᇤৡǶ

ऩճҔόྗዴൂޑᡏՏ౽ mδ ౽ᚈᡏՏޑ؃р܌ dδ ᆶԾ่ӝѳᑽதኧ

K  εǶ׳ᇤৡஒ཮ޑ

    ӧ 1985ԃ J. S. Chen39ճҔ NMR ಍سᚈᡏԾ่ӝǴଷ೛ൂزࣴ

ӸӧǴA+A = A2ǴAࢂаൂᡏǵᚈᡏኳࢂ ᚈᡏǶNMRࣁᡏǵA2ൂࣁ

ᢀෳډ N-H ౽ϯᏢՏޑ obsδ ౽ϯᏢՏޑҗൂᡏࢂ mδ ǵᚈᡏޑϯᏢՏ౽

dδ у៾ѳ֡܌ଅ᝘Ǵё߄Ңԋ ddmobs ff δ+δ=δ m  Ǵ mf ǵ df ϩձൂࣁᡏǵ

ᚈᡏವԸϩ౗ǶൂᡏǵᚈᡏವԸϩ౗аϯᏢՏ౽׎Ԅ߄Ңࣁ 

 
 

                                 
dd

d

m

mobs
d

m

obs
m ff

δ−δ
δ−δ=

δ−δ
δ−δ=  (1-10) 

 
 

ൂᚈᡏԾ่ӝѳᑽதኧ K ёаҗൂǵᚈᡏವԸϩ౗߄Ңԋ 

 
 
 

      
]2[

  
][

][
  2

O

d
2

2

mfA

f

A

A
K ==  (1-11) 

 
 

O][ A ࣁ A Ǵࡋଛ࿼ᐚޑ ][ A 、 ][ 2A ϩձൂࣁᡏǵᚈᡏᐚࡋǶҗϦԄ (1-10)

жΕϦԄ (1-11) ύǴڗѳБਥ᏾౛ԋ 
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   )

2
( -   )

[A]
( )

2
( -   2

1
d

d
2

1

O

obs2

1
d

dobs X
KK

mmm δ−δδ=δ−δδ−δδ=δ  
(1-12) 
 

ஒXۓကࣁ 2

1

O

obs )
[A]

(  X mδ−δ= Ǵऩ౒ mδ ёаளډXॶǴ٩ϦԄ (1-12) ஒ obsδ

ჹ X բკǴҗ௹౗Ϸᄒຯߡёа؃ளᚈᡏϯᏢՏ౽ dδ ǵԾ่ӝѳᑽத

ኧ KǶ 

ςޕ 1=+ dm ff ǴӢԜёажΕϦԄ (1-11) ׯቪԋ 

 
 
       

1][A]8[1

1][A]8[1
  

2

1

O

2

1

O
d

++

−+=
K

K
f  

(1-13) 
 

 

җ NMR ᢀෳډ N-H ౽ϯᏢՏޑ obsδ ёаቪԋ )-(  mddmobs f δδ+δ=δ Ǵऩ

౒΋ K ॶǴёаளډ  df Ƕஒ obsδ ჹ df բკǴёаҗ௹౗ǵᄒຯளൂډ

ᡏǵᚈᡏϯᏢՏ౽ mδ 、 dδ ǶҗԜБݤёа،ۓрൂǵᚈᡏϯᏢՏ౽Ϸ

Ծ่ӝѳᑽதኧǶ 

ᓬޑణᗖزࣴݤॺКၨआѦӀ᛼ᆶਡᅶӅਁӀ᛼ǴவआѦӀ᛼ך    

ᗺӧܭ௟ඔೲࡋ୼זǴёаޔௗҗआѦӀ᛼ୀෳൂډᡏǵᚈᡏࣗԿࢂ

ӭᡏޑ՜ᕭਁ୏֎ԏঢ়Ǵךॺёаᙖҗ௓ࡋྕڋᐚޑࡋБԄᗉխӭᡏ

౽ϯᏢՏޑډᢀෳݤԋǶԶਡᅶӅਁ׎ obsδ Ǵࢂҗൂᡏǵᚈᡏ܈ӭᡏ

฻ϯᏢՏ౽ޑу៾ѳ֡ॶǴคݤዴᇡࢂցԖӭᡏӸӧǴऩౢғӭᡏஒ

ᆶჴᡍଷ೛ൂࣁᚈᡏኳԄ٠ό಄ӝǴคݤள҅ډዴޑԾ่ӝதኧ KǶ
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а 3-Ҙ୷-3-ѹᎇ (3-methyl-3-pentanol) ೭ϩηٯࣁǴᗨฅճҔ NMR

ёа؃рԾ่ӝѳᑽதኧ K ॶǴՠவआѦӀ᛼ୀෳǴԜϯӝܴނᡉ

Ԗӭᡏޑ֎ԏঢ়р౜ǴԶ NMR ٠คݤୀෳрٰǶआѦӀ᛼ӧۓໆϩ

ܭाեࡋǴ೯த֎ԏڋ΢ΨԖज़݋ 1.5ǴωૈᒥӺ Beer’s lawǶԶҔ

NMR ୀෳեᐚޑࡋϯӝނਔǴᡫ௵ࡋၨৡǴӢԜ೯த཮ӧၨଯᐚࡋ

ΠໆෳǴՠᐚࡋຫଯຫ৒ܰౢғӭᡏǴ೭Ψ٬ளჴᡍӧۓໆ΢৒ܰԖ

ᇤৡǶऩჴᡍૈଛӝ IR Ӏ᛼ǴஒૈዴᇡӧଯᐚࡋਔࢂցԖӭᡏౢғǴ

٬ჴᡍ่݀ࣁ׳ё᎞Ƕ 
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ಃΒകಃΒകಃΒകಃΒക  ԾԾԾԾआѦӀ᛼आѦӀ᛼आѦӀ᛼आѦӀ᛼ၗ਑ၗ਑ၗ਑ၗ਑؃ளൂ؃ளൂ؃ளൂ؃ளൂǵǵǵǵᚈᡏԾ่ӝѳᑽதኧϷᚈᡏԾ่ӝѳᑽதኧϷᚈᡏԾ่ӝѳᑽதኧϷᚈᡏԾ่ӝѳᑽதኧϷᔈᔈᔈᔈ

ҔҔҔҔϦԄϐ௢ᏤϦԄϐ௢ᏤϦԄϐ௢ᏤϦԄϐ௢Ꮴ 

2.1 ᄔाᄔाᄔाᄔा 

    ҁჴᡍճҔआѦӀ᛼ࣴزϩηޑԾ่ӝǴҗܭआѦӀ᛼௟ඔޑೲ

ԏঢ়Ƕคҥᡏምᛖᎇ֎ޑᡏǵᚈᡏϷӭᡏൂډǴёаӕਔୀෳזࡐࡋ

ᜪ܈ㄽữᜪӧଯᐚࡋਔǴ৒ܰᆫӝԋӭᡏǴࣁΑᙁϯس಍ޑፄᚇ܄Ǵ

௓ڋྋ፦ӧ፾྽ޑᐚࡋΠǴЬाаൂǵᚈᡏӸӧǶҁჴᡍ࠻аआѦӀ

᛼ࣴزϯӝނ 3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗ (2-Acetyl-3,5-dimethylpyrroleǴ

ADP) Ϸ 3,5-ΒҘ୷ -1H-㞓ࠗ -2-ҘለΌ✊  (Ethyl3,5-dimethyl-1H- 

pyrrole-2-carboxylateǴEDPC) ϩηޑԾ่ӝǴ่ځᄬӵΠკ  

                                                       

   ADP:     R = CH3   

          ໩Ԅൂᡏ          EDPC: R = OC2H5 

 

ྋ፦ ADPᆶ EDPCӧόӕྋనΠǴ೸ၸϩη໔ణᗖౢғԾ่ӝǶADP

ᆶ EDPCൂᡏҁي㞓ࠗᕉ΢ޑ N-H ୷ᆶ C=O୷ύ໔ޑ C-Cᗖ཮Ӣ

N

H O

R
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௽ᙯ׎ԋ໩ǵϸٿԄ౦ᄬނǶྋ፦ ADPޑआѦӀ᛼კύѝᢀჸൂډǵ

ᚈᡏ֎ԏঢ়Ǵӵკ 2.1 Ƕ 
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A
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e

Wavenumber /cm-1

 
 

კ 2.1   3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗܭᕉρ₧س಍ӧ 15ʚΠǴᐚࡋ

0.0049 mol L-1ਔ܌ෳள໩ԄൂᡏϷᚈᡏआѦӀ᛼ǴϷځ፾ှ

კǶ 

 

    ࿶җ౛ፕीᆉ PBE1PBE /6-31++G **่݀ޑዴᇡ ADPൂᡏ೽ϩ

ѝԖ΋ᅿ໩ԄൂᡏǴЪዴᇡځᚈᡏࣁᕉރᚈᡏǶᜪ՟่ޑᄬΨளޕ໩

ԄൂᡏࢂКၨᛙ่ޑۓᄬ 40Ƕྋ፦ EDPCޑआѦӀ᛼კёаᢀჸډ

ൂᡏ೽ϩԖ໩ԄǵϸԄٿ֎ԏঢ়Ǵӵკ 2.2Ƕ 
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3550 3500 3450 3400 3350 3300 3250 3200
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A
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e
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კ 2.2   3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ܭᕉρ₧س಍ӧ 15ʚΠǴᐚ

ࣁࡋ 0.0263 mol L-1ਔ܌ෳளൂᡏ໩ԄǵϸԄϷᚈᡏआѦӀ

᛼ǴϷځ፾ှკǶ 

 

    ᗨฅٿϯӝ่ޑނᄬཱུ࣬ࣁ՟ǴՠआѦӀ᛼კܴࠅᡉԖৡ౦Ƕ

ADP೭ϯӝ٠ނคᢀෳډϸԄൂᡏ֎ԏঢ়Ƕёа௢ᘐ ADPӧྋనύ

൳Яа໩ԄൂᡏӸӧǴϸԄൂᡏۚޑໆλǴаठܭคݤᢀෳډϸԄൂ

ᡏ֎ԏঢ়Ƕ 

زࣴ     ADP ೭ϯӝނǴឦܭ໩ԄൂᡏᆶᕉރᚈᡏԾ่ӝޑኳԄǶ

җ፾ှआѦጕӀ᛼܌ளډ ǵൂᚈᡏᕴ֎ԏࡋᒿྋ፦ᐚׯࡋᡂޑၗ਑Ǵ

঺Εҁჴᡍ࠻ӧ 2004 ԃ܌วޑ߄Бݤ 16Ƕ٩ྣԜጇБݤ௢ᏤрԄ 

(2-10) Ϸ (2-14) Ǵёа؃рൂᡏᕴವԸ֎ԏ߯ኧ mε ǵᚈᡏᕴವԸ֎
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ԏ߯ኧ dε ϷԾ่ӝѳᑽதኧ K ॶǶځύ K ॶёаҗൂᡏϷᚈᡏ௢Ꮴ

рঁٿޑϦԄளډǴЪϦԄϐ໔ୖޑኧό཮ϕ࣬ቹៜǴӢԜёа࣬ϕ

ӑ᛾Ǵᔠᡍჴᡍॶࢂցё᎞Ƕ 

    ྋ፦ ADP ໩ԄൂᡏڀԖ፦ηගޣٮᆶ፦ηௗޣڙǴ৒ܰᆶќ΋

໩ԄൂᡏԾ่ӝ׎ԋᕉރᚈᡏޑኳԄǴԶځдᜪ՟่ޑᄬҭࢂаᕉރ

ᚈᡏӸӧ 41-44ǶADPൂǵᚈᡏѳᑽ߄ҢӵΠǶ 

 

  

      ໩Ԅൂᡏ           ໩Ԅൂᡏ            ᕉރᚈᡏ 

 

زࣴ EDPCԾ่ӝǴࢂឦܭ໩ԄൂᡏᆶᚈᡏԾ่ӝǴᒿՔ໩ǵϸ

Ԅϐ໔ϕᙯޑኳԄǶךॺ၂๱௢ᏤཥޑϦԄǴа؃ளᄬࠠᙯඤѳᑽத

ኧ 1K ϷԾ่ӝѳᑽதኧ 2K Ƕҗ௢ᏤޑϦԄว౜Ǵ٠คޔݤௗҗ௹౗ǵ

ᄒຯ؃ள዗ΚᏢϷӀ᛼ୖኧǴӢԜճҔ JacobiansБݤᔠᡍځచҹޑ

ԛǴᙖҗ౛ፕीᆉځ٩ǶଏԶ؃࣬ࢂ᛾ܴрచҹࡕǴന܄٩࣬

N

H O

N

HO

N

H O

N

H O
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PBE1PBE/6-31++G**ૈ ளډ໩ԄǵϸԄ֎ԏ߯ኧК
tε

εC Ǵ Cε ໩Ԅൂࣁ

ᡏӧ֎ԏ஥ϐᕴವԸ֎ԏ߯ኧǴ tεࣁϸԄൂᡏӧ֎ԏ஥ϐᕴವԸ֎ԏ

߯ኧǶ຾ԶжΕ
tt

t
1   

ε

ε

A

A
K C= ύǴ؃ளᄬࠠᙯඤѳᑽதኧ 1K ǶӆжΕԄ 

(2-27) ǵԄ (2-30) کԄ (2-33) Ǵ؃р໩Ԅൂᡏ֎ԏ߯ኧ Cε ǵϸԄൂ

ᡏ֎ԏ߯ኧ tεǵൂᚈᡏԾ่ӝѳᑽதኧ 2K ǴԶ dε ёаҗᚈᡏϦԄޑᄒ

ຯ O / 2  cεQ dd = ؃рǴ Oc  (standard state concentration) ࡋᄊᐚރ኱ྗࣁ

ࣁۓ 1  / Lmol Ƕ 
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2.2 ൂൂൂൂǵǵǵǵᚈᡏѳᑽᚈᡏѳᑽᚈᡏѳᑽᚈᡏѳᑽόᒿՔᄬࠠᙯඤόᒿՔᄬࠠᙯඤόᒿՔᄬࠠᙯඤόᒿՔᄬࠠᙯඤځᔈҔϦԄϐ௢ᏤځᔈҔϦԄϐ௢ᏤځᔈҔϦԄϐ௢ᏤځᔈҔϦԄϐ௢Ꮴ 

    ճҔआѦӀ᛼კୀෳྋ፦ 3,5-ΒҘ୷-2-Όㄽ୷㞓 ǴࠗѝԖൂᡏǵ

ᚈᡏ֎ԏঢ়ǴӢԜૈዴᇡس಍ЬाаൂǵᚈᡏӸӧǶ྽ྋ፦ྋӧྋన

ύԾ่ӝၲѳᑽਔǴځϸᔈаБำԄ߄Ңࣁ 

 

 

 
B+B→←B2 

 

(2-1) 
 

B ᚈᡏǶൂᡏԾ่ӝѳᑽதኧKࣁᡏǴB2ൂࣁ  ࣁҢ߄

 

 

 2
2

O

O
2

22
222   

)
   

][ 
(

 

][

    
B

B

B

B

B

B

c

c

c

B
c

B

a

α
K =

γ
γ

==  

 

(2-2) 
 

 

 
OO

2

  

][
           

 

][
  

2 c

B
c

c

B
c BB ==  

 

(2-3) 
 

2Bα ǵ Bα ϩձࣁᚈᡏǵൂᡏ܄ࢲǴ 
2Bγ ǵ Bγ ϩձࣁᚈᡏǵൂᡏ߯܄ࢲኧǴ

][ 2B ǵ ][B ϩձࣁᚈᡏǵൂᡏᐚࡋǶӧีញྋనΠǴௗ߈౛གྷྋనǴ

1
2

≈γ≈γ BB ǴԶ Oc ࣁۓ (standard state concentration) ࡋᄊᐚރ኱ྗࣁ

1  / Lmol ǴځҞ٬ޑ O
2  / ][ cB ک O / ][ cB ൂՏคӢԛ (dimensionless) ϯǶ

2Bc ǵ Bc ϩձࣁคӢԛϯᚈᡏǵൂᡏᐚࡋǶ࿶җ፦ໆ่ᆉ (material 

balance)  
 

 

 

]2[][  ][ 2O BBB +=  

 

(2-4) 
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O][B ࣁ B ǶஒԄ (2-4) Ѱѓӕନࡋଛ࿼ᐚޑ Oc ஒ٠᏾౛ԋ 

 

 

 
 2  

   

]2[

  

][
 

][
2OO

2
OO

O
BB ccc

c

B

c

B

c

B +==+=  
(2-5) 
 

 

 
O

O
O c

][B
c =  

 

(2-6) 
 

Oc คӢԛϯࣁ B ቪԋׯ ǶԄ (2-2)ࡋଛ࿼ᐚޑ
B

B
B cK

c
c

 
2= Ǵ٠җکКۓ

౛ޕ 

 

 

 BB

BB

Kc

c

Kc

cc

212

2

1
O2

+
==  (2-7) 

 

᏾౛Ԅ (2-7) ޑಃ΋໨ᆶಃΟ໨ளډ 

 

 

 

1 2O += B
B

cK
c

c
 

 

(2-8) 
 

᏾౛Ԅ (2-7) ޑಃΒ໨ᆶಃΟ໨ளډ 

 

 

 BB cKc

c

 

1
2

2

O +=  

 

(2-9) 
 

ྋ፦ӧีᖓྋనύǴᒥӺКᅟࡓۓ (Beer-Lambert’s law) Ƕ֎ԏࡋ )~(νA

ё߄Ңԋ 

 

 

 
  )~(][)~()~( Occb εB b εA Bν=ν=ν   

(2-10) 
 

ύ Aځ )~(ν  (คൂՏ) ൂࣁ΋ݢኧΠ ν~ (ൂՏ:cm-1) ϐ֎ԏࡋǴε )~(ν  
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(ൂՏ:L cm-1 mol-1)ൂࣁ΋ݢኧν~ϐವԸ֎ԏ߯ኧǴࣣޣٿᒿ ν~ׯᡂǴb 

(ൂՏ:cm) ࣁӀ৩ࡋߏǴ [B] (ൂՏ: mol L-1)ࣁྋ፦ᡏᑈವԸᐚࡋǶ 

    ϩηϐൂᡏ N-H ୷՜ᕭਁ୏ӧ֎ԏ஥ޑᕴ֎ԏࡋ mA′  (ൂՏ:cm-1) 

(integrated absorbance)ё߄Ңԋ 

 

 

 

   ][   ][  ~d )~(  ~)d ~(  O
m ccbεBbεBbεAA Bmmmm ==νν=νν=′ ∫∫  

 (2-11) 
 

νν= ∫ ~d )~(  mm εε  (ൂՏ: L cm-2 mol-1) ൂࣁᡏӧ֎ԏ஥ᕴವԸ֎ԏ߯

ኧ (integrated molar absorption coefficient)Ǵ ) ~(m νA  (คൂՏ) ࣁӧ၀ݢ

ኧ ν~Πൂᡏϐ֎ԏࡋǶՠࣁΑीᆉБߡஒԄ (2-8) ӧൂՏӀ৩ࡋߏ 

(optical path) ܌ෳளൂᡏ֎ԏ஥ޑᕴ֎ԏࣁࡋ mA Ǵ ܌аஒϐׯቪԋ 

 

 

 

O][     ccεBε
b

A
A Bmm

m
m ==

′
=  

(2-12) 
 

ӆעԄ (2-12) жΕԄ (2-8) ύǴ᏾౛ளډ 

 

 

 
O

m
m2O2

mm

O 1

)(

2

cε
A

cε

K

A

c +=  

 

(2-13) 
 

ᡂׯΠྕۓ B ࡋଛ࿼ᐚޑ O][B ǴҗआѦӀ᛼ୀෳǴךॺёаளډ

ൂᡏ N-H ୷՜ᕭਁ୏ӧԜ֎ԏ஥ޑ֎ԏࡋ mA Ƕ٩Ԅ  (2-13) а

mO  /   Y Ac= ჹ m  X A= ଺ጕ܄კǴёаளډ௹౗ =mP 2O2
m )][( / 2 BεK  Ϸ ᄒ

ຯ O
mm  / 1 cεQ = Ƕځ  / Lmol 1  O =c Ǵҗᄒຯёа؃ள mε ǴӆжΕ௹౗ύ
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ёаளډԾ่ӝѳᑽதኧKǴࣁΑ୔ձҗᚈᡏϦԄ؃ளޑK ॶǴךॺ

ஒϐቪԋ dK ′ Ƕ 

    ӕ౛Ǵϩηϐᚈᡏ N-H ୷՜ᕭਁ୏ӧ֎ԏ஥ޑᕴ֎ԏࡋ dA′  (ൂ

Տ:cm-1) (integrated absorbance) 

 

 

 

O
22d 2
][   ][  ~d )~(   ~)d ~(  cbcεBbεBbεAA Bdddd ==νν=νν=′ ∫∫  

 

(2-14) 
 

νν= ∫ ~d )~(  dd εε  (ൂՏ: L cm-2 mol-1 )ࣁᚈᡏӧ֎ԏ஥ϐᕴವԸ֎ԏ߯ኧ 

(integrated molar absorption coefficient)Ǵ )~(d νA (คൂՏ) ࣁӧ၀ݢኧν~

Πᚈᡏϐ֎ԏࡋǶՠҗࣁܭΑीᆉБߡஒϦԄ (2-11) ӧൂՏӀ৩ߏ

ࣁࡋᕴ֎ԏޑෳளᚈᡏ֎ԏ஥܌ (optical path) ࡋ dA Ǵ܌аஒϐׯቪ

ԋ 

 

 

 

O
2 2
][ ccεBε

b

A
A Bdd

d
d ==

′
=  

 

(2-15) 
 

җԄ (2-2) ޕ
K

c
c B

B
2= Ǵ٠жΕϦԄ (2-9) ύ᏾౛ள 

 

 

 22
 

1
2O

BB cKc

c +=  

 

(2-16) 
 

ஒԄ (2-15) жΕԄ (2-16) ύ᏾౛ԋ 
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O

d

1/2
dO

dd

O 2

 

1

cε
A

cεKA

c += −  

 

(2-17) 
 

ᡂׯΠྕۓ B ࡋଛ࿼ᐚޑ O][B ǴҗआѦӀ᛼ᢀෳǴёаளډᚈᡏӧԜ

֎ԏ஥ޑᕴ֎ԏࡋ dAǴӆжΕԄ (2-17) ǶӢԜа dO /   Y Ac= ჹ X= 1/2
d
−A

଺ጕ܄კǴёаளډ௹౗  O
dm  / 1 cKεP = Ϸ ᄒຯ O

dm  / 2 cεQ = Ƕځ

 / Lmol 1  ][ O =B Ǵ܌аҗᄒຯёа؃ள dε ǴӆжΕ௹౗ύёаளډԾ่

ӝѳᑽதኧ KǴࣁΑ୔ձҗൂᡏϦԄ؃ளޑ K ॶǴךॺஒϐቪԋ dK Ƕ 

    җԾҗૈ KG  ln RT-  =∆ Ǵऩ؃ளԾ่ӝѳᑽதኧǴ൩ёа؃ளޕ

Ծҗځ Ƕૈൂ ᡏϦԄϷᚈᡏϦԄёа؃ள dK ′ǵ dK ǴӢԜёаளډ dG′∆ ǵ

dG∆ Ǵךॺځڗᆉೌѳ֡྽բس಍ޑ኱ྗԾҗૈ
2

  O dd GG
G

∆+′∆=∆ Ƕ኱

ྗԾҗૈҭёа᏾౛ԋ OO2/1O T )( ln RT-  SHKKG dd ∆−∆=′=∆ ǴҗԜԄё

Ծ่ӝѳᑽதኧޑ؃р ǴऩஒൂᚈᡏϦԄ (2-10)ޕ dK′ ϷҗᚈᡏϦԄ 

(2-14) ؃рޑԾ่ӝѳᑽதኧ dK Ǵڗ൳Ֆѳ֡྽բᢀෳॶǴёа຾

΋؁؃ள኱ྗ₲ OH∆ Ϸ⪖ OS∆ Ƕ 

    ख़ፄϐޑ߻БݤǴӧόӕྕࡋΠෳໆǴ൩ёаளډόӕྕࡋΠޑ

Ծ่ӝѳᑽதኧ KǶ٩ van’t Hoff ϦԄǴ
R

1
R

 -   ln
OO S

T

H
K

∆+∆= Ǵа K ln  Y =

ჹ
T

1
  X = բጕ܄კǴளډ௹౗

R

H O∆− Ϸᄒຯ 
R

S O∆
Ƕ೸ၸ௹౗ǵᄒຯך

ॺёаϩձ؃рൂᚈᡏԾ่ӝޑ኱ྗ₲ OH∆ Ϸ⪖ OS∆ Ƕ 

 



37 
 

2.3 ൂൂൂൂǵǵǵǵᚈᡏၲѳᑽᒿՔᄬࠠᙯඤѳᑽϐᔈҔϦԄ௢ᏤᚈᡏၲѳᑽᒿՔᄬࠠᙯඤѳᑽϐᔈҔϦԄ௢ᏤᚈᡏၲѳᑽᒿՔᄬࠠᙯඤѳᑽϐᔈҔϦԄ௢ᏤᚈᡏၲѳᑽᒿՔᄬࠠᙯඤѳᑽϐᔈҔϦԄ௢Ꮴ 

    ྋ፦ EDPCྋܭྋᏊύǴӸӧ๱ٿᅿѳᑽǴϩձࣁ྽ঁٿ໩Ԅൂ

ᡏԾ่ӝԋᚈᡏځӸӧ๱ൂǵᚈᡏѳᑽϷ㞓ࠗᕉ΢ N-H ୷ᆶ C=O୷

ϐ໔ޑ C-C ᗖ௽ᙯౢғޑ໩ǵϸ౦ᄬၲނѳᑽǶаΠࣁ໩Ԅൂᡏᆶ

ϸԄൂᡏၲѳᑽǴځБำԄ߄Ңࣁ 

 

 

 
CB →← tB  

(2-18) 
 

CB ǵ tB  ϩձ߄Ң໩ԄൂᡏǵϸԄൂᡏǶځᄬࠠᙯඤѳᑽதኧ 1K ё߄

Ңࣁ 

 

 

 
C

  

 

][
 

][

   

O
C

O
t

1
B

Bt

Bc

Bt

Bc

Bt

c

c

c

B
c

B

a

a
K =

γ

γ
==  

 

(2-19) 
 

 

 
O
C

O
t

 

][
             

 

][
 

C c

B
c

c

B
c BBt ==  

 

(2-20) 
 

Btα ǵ Bcα ϩձࣁϸԄൂᡏǵ໩Ԅൂᡏ܄ࢲǴ Btγ ǵ Bcγ ϩձࣁϸԄൂᡏǵ

໩Ԅൂᡏ߯܄ࢲኧǴ ][ tB ǵ ][ cB ϩձࣁϸԄൂᡏǵ໩ԄൂᡏᐚࡋǶӧ

ีញྋనΠǴௗ߈౛གྷྋనǴ 1≈γ≈γ BcBt ǴԶ Oc  ࡋᄊᐚރ኱ྗࣁ

(standard state concentration) ࣁۓ 1  / Lmol ǴځҞ٬ޑ O
t  / ][ cB ک

O / ][ cBC ൂՏคӢԛϯǶ Btc ǵ
CBc ϩձࣁคӢԛϯϸԄൂᡏǵ໩Ԅൂᡏ

ᐚࡋǶٿ໩ԄൂᡏԾ่ӝԋᚈᡏǴൂǵᚈᡏၲѳᑽ߄Ңࣁ 
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2 CB →← 2B  

(2-21) 
 

CB ǵ 2B  ϩձ߄Ң໩ԄൂᡏǵᕉރᚈᡏǶൂځᡏԾ่ӝѳᑽதኧ 2K ߄

Ңࣁ 

 

 

 2
2

O

O
2

222
222   

)
   

][ 
(

 

][

  
CB

B

CBc

B

Bc

B

c

c

c

B
c

B

a

α
K =

γ
γ

==  

(2-22) 
 

 

 
OO

2

   

][ 
                 

 

][
 

2 c

B
c

c

B
c C

BB C
==  

(2-23) 
 

2Bα ǵ Bcα ϩձࣁᚈᡏǵ໩Ԅൂᡏ܄ࢲǴ 
2Bγ ǵ Bγ ϩձࣁᚈᡏǵ໩Ԅൂ

ᡏ߯܄ࢲኧǴ ][ 2B ǵ ][ CB ϩձࣁᚈᡏǵ໩ԄൂᡏᐚࡋǶӧีញྋనΠǴ

ௗ߈౛གྷྋనǴ 1
2

≈γ≈γ BcB ǴԶ O][B  standard state) ࡋᄊᐚރ኱ྗࣁ

concentration) ࣁۓ 1  / Lmol ǴځҞ٬ޑ O
2  / ][ cB ک O / ][ cBC ൂՏคӢԛ

ϯǶ
2Bc ǵ

CBc ϩձࣁคӢԛϯᚈᡏǵ໩ԄൂᡏᐚࡋǶќ΋Бय़җ፦ໆ

่ᆉ (material balance)  

酚

 

 

]2[][][][ 2tCO BBBB ++=  (2-24) 
 

Ԅύ O][B ǶஒԄ酚(2-24熵酚ѰѓӕନԄࡋଛ࿼ᐚޑྋ፦ࣁ O][B ٠᏾౛ԋ 

酚

 

 
2

2 
]2[][][][

OO
2tC

O
O

BBtB cccc
c

BBB

c

B
C

++==++=  
(2-25) 
 

Oc  ࣁቪׯ ǶஒԄ (2-19) ϷԄ (2-22)ࡋଛ࿼ᐚޑคӢԛϯྋ፦ࣁ
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 2
2

21 21

B

B

BtB c

cK

c

K

c
C

C

==  

 

(2-26) 
 

җکКۓ౛ϷԄ (2-25)ǴஒԄ (2-26)ቪԋ 

 

 

 O

2121 21

2

211

2
c

cKK

ccc

cKK

c
C

C

C

C

B

BBtB

B

B

++
=

++
++

=  

 

(2-27) 
 

 Ԅ (2-27) ಃ΋໨ϷಃΟ໨౽໨ளע

 

 

 
C

C

B
B

cKK
c

c
21

O 21 ++=  
(2-28) 
 

ஒԄ (2-19) жΕԄ (2-28) ύ 

 

 

 1

21O
21

K

cKK

c

c
CB

Bt

++
=  

(2-29) 
 

ԄӕନٿԄ (2-28) Ѱѓע
CBc ٠ஒԄ (2-22) жΕ᏾౛ԋ 

 

 

 
2

1

2

1O

2

++=
Kc

K

c

c

CBB

= 2/12/1
2

1

2

1

BcK

K+
+2 

 

(2-30) 
 

җКᅟۓ౛ (Beer-Lambert’s law) ޕ 

 

 

 

 ][   ][  ~d )~( )~()~( O
CCCC cbcεBbεBbεdAA

CBCCC ==νν=νν=′ ∫∫  (2-31) 
 

    νν= ∫ ~d )~(  C Cεε  (ൂՏ: L cm-2 mol-1 ) ࣁ໩Ԅൂᡏӧ֎ԏ஥ϐᕴವԸ
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֎ԏ߯ኧ (integrated molar absorption coefficient)Ǵ )~(C νA (คൂՏ) ࣁ

ӧ၀ݢኧ ν~ Π໩Ԅൂᡏϐ֎ԏࡋǴϩηϐ໩Ԅൂᡏ N-H ୷՜ᕭਁ୏

ӧ֎ԏ஥ޑᕴ֎ԏࡋ CA′  (ൂՏ:cm-1) (integrated absorbance)Ƕ 

ෳ܌ (optical path) ࡋߏஒԄ (2-31) ӧൂՏӀ৩ߡΑीᆉБࣁ    

ள໩Ԅൂᡏ֎ԏ஥ޑᕴ֎ԏࣁࡋ CA Ǵஒϐׯቪԋ 

 

 

 
 ][ O

CCCC ccεBε
b

A
A

CB
C ==
′

=  
(2-32) 
 

ஒԄ (2-32) жΕԄ (2-28) ύǴளډ໩ԄൂᡏϦԄ 

 

 

 
O

C

1
2O2

C

2

C

O 1

)(

2

cε

K
A

cε

K

A

c
C

++=  (2-33) 
 

ӕ౛ǴҗКᅟࡓۓǴϸԄൂᡏ N-H ୷՜ᕭਁ୏֎ԏࡋёቪԋ 

 

 

 

O
ttttt  ][ ][  ~d )~(  )~()~( ccbεBbεBbεdAA Bttt ==νν=νν=′ ∫∫  (2-34) 

 

νν= ∫ ~d )~(  t tεε  (ൂՏ: L cm-2 mol-1 ) ࣁϸԄൂᡏӧ֎ԏ஥ϐᕴವԸ֎ԏ

߯ኧ (integrated molar absorption coefficient)Ǵ ) ~(t νA (คൂՏ)ࣁӧ၀ݢ

ኧν~ΠϸԄൂᡏϐ֎ԏࡋǶϩηϐϸԄൂᡏ N-H ୷՜ᕭਁ୏ӧ֎ԏ

஥ޑᕴ֎ԏࡋ '
tA  (ൂՏ:cm-1) (integrated absorbance)Ƕ 

    ՠࣁΑीᆉБךߡॺஒԄ (2-34) ӧൂՏӀ৩ࡋߏ (optical path) 

ࣁࡋԏ֎ޑෳளϸԄൂᡏ֎ԏ஥܌ tA Ǵ܌аஒϐׯቪԋ 
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O][ ccεBε
b

A
A Btttt

t
t ==

′
=  (2-35) 

 

ஒԄ (2-35) ϷԄ (2-32) жΕԄ (2-29) ύǴளډϸԄൂᡏϦԄ 

 

 

 
O

t1

1
C2O

tC1

2

t

O 1

)(

2

cεK

K
A

cεεK

K

A

c ++=  

 

(2-36) 
 

ӕ౛ǴҗКᅟࡓۓǴϩηᚈᡏ N-H ୷՜ᕭਁ୏֎ԏࡋёቪԋ 

 

 

 

O
d2d2d 2

][][  ~d )~(  )~()~( cbcεBbεBbεdAA Bdd ==νν=νν=′ ∫∫  (2-37) 
 

∫ νν= ~)~( dεε dd  (ൂՏ:L cm-2 mol-1 ) ᕉރᚈᡏӧ֎ԏ஥ϐᕴವԸ֎ԏ߯

ኧ (integrated molar absorption coefficient)Ǵ ) ~(d νA (คൂՏ)ࣁӧ၀ݢኧ

ν~ Πᚈᡏϐ֎ԏࡋǴϩηϐᕉރᚈᡏ N-H ୷՜ᕭਁ୏ӧ֎ԏ஥ޑᕴ

֎ԏࡋ dA′  (ൂՏ:cm-1) (integrated absorbance)Ƕ 

    ՠҗࣁܭΑीᆉБךߡॺஒԄ (2-37) ӧൂՏӀ৩ࡋߏ (optical 

path) ܌ෳளᚈᡏ֎ԏ஥ޑ֎ԏࣁࡋ dA Ǵ܌аஒϐׯቪԋ 

 

 

 

O
d2dd 2

][ ccεBε
b

A
A B

d ==
′

=  
(2-38) 
 

ஒԄ (2-38) жΕԄ (2-30) ύǴ᏾౛ளډᚈᡏϦԄ 

 

 

 
O

2/1
2/12/12/1

2

1O 2

)(

1

cε
A

cεK

K

A

c

d
dO

dd

++= −  (2-39) 
 

ஒ௢ᏤрޑԄ (2-33)ǵԄ (2-36)ǵԄ (2-39) ಍᏾ӵΠ:  
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O

C

1
2O2

C

2

C

O 1

)(

2

cε

K
A

cε

K

A

c
C

++=
 

 

O
t1

1
C2O

tC1

2

t

O 1

)(

2

cεK

K
A

cεεK

K

A

c ++=
 

 

O
2/1

2/12/12/1
2

1O 2

)(

1

cε
A

cεK

K

A

c

d
dO

dd

++= −  

 
(2-33) 
 
 
(2-36) 
 
 
(2-39) 
 

     

ҞࢂޑճҔ೭൳ঁБำԄޑ௹౗ǵᄒຯǴ؃ள 1K ǵ 2K ǵ Cε ǵ tεϷ dε Ƕ

ډॺճҔ೬ᡏ፾ှёаளך CA ǵ tA ǵ dA Ǵϩձࢂ໩ԄൂᡏǵϸԄൂᡏ

Ϸᕉރᚈᡏӧ֎ԏ஥ޑ֎ԏࡋǶҗ໩ԄൂᡏϦԄ Ǵ྽ޕ (2-33) 

CA / cY O= ჹ CX A= բጕ܄კਔǴ ёаளډ௹౗ 2O2
C2C )( / 2 cεKP = Ǵᄒຯ

O
C1  / )1( cεKQC += ǶՠᆶൂᚈᡏѳᑽόᒿՔᄬࠠᙯඤޑኳԄύԄ(2-13)

όӕࢂޑǴᙖշ௹౗ CP Ϸᄒຯ CQ คޔݤௗளډ 1K  ǵ 2K ǵ Cε ǴӢѝԖ

 ᡂኧǶޕచҹΟঁ҂ঁٿ

    ӕ౛ǴҗϸԄൂᡏϦԄ (2-36) ޕǴ྽ tO / Y Ac= ჹ CX A= բጕ܄

კǴёаளډ௹౗ 2O
tC12t )( / 2  cεεKKP = Ǵᄒຯ O

t11t  / ) 1( cεKKQ += Ƕՠค

ᙖշ௹౗ݤ tPϷᄒຯ tQ ډௗளޔ 1K ǵ 2K ǵ Cε Ϸ tεǴӢѝԖঁٿచҹѤ

ঁ҂ޕᡂኧǶҗᚈᡏϦԄ (2-39) ޕǴ྽ dO /   Y Ac= ჹ 1/2
d  X −= A բጕ܄კǴ

ёаளډ௹౗ 1/2O1/2
d

1/2
21d )(  / )1( cεKKP += Ǵᄒຯ O

dd  / 2 cεQ = ǴЪޕ dε ᐱࢂ

ҥޑӀ᛼ୖኧǴ٠җᄒຯ؃ள dε Ƕՠคݤҗ௹౗ dP ډௗளޔ 1K ǵ 2K Ǵ

ӢѝԖ΋ঁచҹঁٿ҂ޕᡂኧǶᕴᢀԄ (2-33) ǵ (2-36) ǵ (2-39) җ
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ΟঁБำԄԖϤঁచҹ౛ፕ΢ࢂёаှр዗ΚᏢୖኧ 1K ǵ 2K ϷӀ᛼

ୖኧ Cε ǵ tεϷ dε Ǵՠ೭ϤঁచҹύѝԖ dε ௗҗޔёаࢂ dQ ؃ளǴځᎩ

ௗ؃ளޔݤϖঁచҹ٠คޑ 1K ǵ 2 K ǵ Cε Ϸ tεǴӢԜ౒གྷ೭٤చҹࢂ

ց࣬٩Ƕ 

    җᚈᡏϦԄ (2-38) ᄒຯ dQ ёаޔௗளډ dε ǴՠԾ௹౗ dP ค؃ݤ

р 1K ǵ 2 K ǴᚈᡏϦԄ௹౗ dP Ξёаҗ CQ ǵ dQ Ϸ CP ஒѬ๏ڗж௞ 

( 2/12/1 / CdCd PQQP = ) Ǵ܌аѝሡᔠຎ CQ ǵ tQ ǵ CP Ϸ tPǴ࣮೭൳ঁచҹࢂ

ց࣬٩ǴӢԜୖԵΑ Jacobian45 ޑБݤೀ౛࣬٩ǵᐱҥୢޑᚒǶ 

    ӃஒςԖޑచҹ CQ ǵ tQǵ CP Ϸ tPჹᡂኧ Cεǵ tεǵ 1K  Ϸ 2K ڗ JacobianǴ

ऩ Jacobianளࢂ่݀ޑډόࣁ 0  ޑᐱҥࢂኧڄҢ߄߾Ǵှޑ

( functional independent )ǶՠऩՉӈԄளࢂ่݀ޑډ 0 Ǵ߄߾Ңڄኧ

ǶҗԄ (2-33) ϷԄ (2-36) ௹౗ᄒຯ(functional dependent ) ޑ٩࣬ࢂ

ӵΠ 

 

 

 
O

t1

1
t2O

tC1

2
t

O
C

1
C2O2

C

2
C

1
   

)(

2

1
         

)(

2

cεK

K
Q

cεεK

K
P

cε

K
Q

cε

K
P

+==

+==
 

 
 
 
(2-40) 

 

ஒڄኧ CQ ǵ tQ ǵ CP Ϸ tPჹᡂኧ Cε ǵ tεǵ 1K  Ϸ 2K ޑ Jacobianࣁ 
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∂
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∂
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∂
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∂
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∂
∂
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(2-41) 
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)1(
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0
)1(2
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21
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t

1

t
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ε
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ε

K

ε

K

ε

K

cεKcKεεcεcε

CCC

C

−−

+−−

−+−−

=

××××=

 

 
 
 
 
 
 
 
 
 
(2-42) 

 

ӆஒԄ (2-42) ख़ཥ᏾౛ԋ 

 

 

 

0101

1
10

)1(00

0)1(2

 N 

 

N
111

)(

21
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212

tC
O

t1
2O

1Ct
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KK

K
KK

KKK

εεcεKcKεεcεcε C

−−
+

+

=

×−×−××××=

 

 
 
 
 
 
 
 
(2-43) 

 

ॺӆஒՉӈԄך N फ़ှǴаᙁϯՉӈԄှځ٠؃ 
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    ᢀჸԄ (2-44) ޕ่݀ޑၰǴԜՉӈࣁࢂ 0Ǵ܌аךॺளڄډኧ

చҹޑޕǶҗς ( functional dependent ) ޑ٩࣬ࢂ CQ ǵ tQ ǵ CP Ϸ tP٠

ค؃ݤள 1K ǵ 2K ǵ Cε Ϸ tεǴӢԜҁࣴزགྷճҔჴᡍኧᏵଛӝ౛ፕीᆉ

ᄬࠠᙯඤѳᑽதኧډளݤБԄǴ೛ޑ 1K ǴҞ׆ࢂޑఈૈ୼ճҔှځр

ޑ 1K ؃ளځѬޑᡂኧǶԄ ޕ (2-19) 
CBBt ccK  / 1 = ǴҗКᅟࡓۓ

Beer-Lambert’s law  
 

 

 

O][ ][  BbcεBbεA B==  
(2-45) 
 

ஒԄ (2-45) жΕԄ (2-19) ύளډ 

 

 

 
t

C

C

t

ε

ε

A

A
K =1  

 

(2-46) 
 

җआѦӀ᛼፾ှޑၗ਑Ǵёаளډ໩ԄൂᡏϷϸԄൂᡏ֎ԏࡋ CA ǵ

tA ǶЪᙖҗѠε᝵ܴד௲௤ޑᔅԆǴૈճҔ౛ፕीᆉޑБԄ؃р໩Ԅ
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ᆶϸԄޑᕴವԸ֎ԏ߯ኧК t / εεC Ƕ೭ኬ΋ٰૈ؃рᄬࠠᙯඤѳᑽத

ኧ 1K Ǵ٠ஒளޑډ 1K жΕԄ (2-33) ǵԄ (2-36) ǵԄ (2-39) ύа؃

ள໩Ԅൂᡏ֎ԏ߯ኧ Cε ǵϸԄൂᡏ֎ԏ߯ኧ tεǵൂᚈᡏԾ่ӝѳᑽத

ኧ 2 K Ƕ 
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ಃΟകಃΟകಃΟകಃΟക  3,5-ΒҘ୷ΒҘ୷ΒҘ୷ΒҘ୷-2-Όㄽ୷㞓ࠗΌㄽ୷㞓ࠗΌㄽ୷㞓ࠗΌㄽ୷㞓ࠗکککک 3,5-ΒҘ୷ΒҘ୷ΒҘ୷ΒҘ୷-1H-㞓ࠗ㞓ࠗ㞓ࠗ㞓ࠗ-2-

ҘለΌ✊ҘለΌ✊ҘለΌ✊ҘለΌ✊ӧόӕྋనύޑణᗖԾ่ӝ౜ຝӧόӕྋనύޑణᗖԾ่ӝ౜ຝӧόӕྋనύޑణᗖԾ่ӝ౜ຝӧόӕྋనύޑణᗖԾ่ӝ౜ຝޑ௖૸ޑ௖૸ޑ௖૸ޑ௖૸  

3.1 ᄔाᄔाᄔाᄔा 

     3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗ (2-Acetyl-3,5-dimethylpyrroleǴADP) 

Ϸ 3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ (Ethyl3,5-dimethyl-1H-pyrrole-2- 

carboxylateǴEDPC) ঁٿ㞓़ࠗғނǴ่ځᄬᜪ՟ǴӵΠ܌Ң 

 

   ADP    R=CH3 

                        EDPC   R=OC2H5 
 

ՠआѦӀ᛼೿ᡉ౜ޣ߻ѝԖൂ΋ᅿൂᡏǴԶޣࡕ໩ǵϸٿԄൂᡏӅӸǶ

Ъҗ౛ፕीᆉPBE1PBE/6-31++G**่݀ޑ᛾ჴADPޑᄬࠠࣁ໩Ԅൂ

ᡏǶԶךॺࣴزԜᜪϯӝޑނԾ่ӝǴׯ٠ᡂྋᏊᅿᜪϷྕࡋǴҞޑ

 ቹៜǶޑਏᔈჹྋ፦Ծ่ӝࡋྕکఈ௖૸ྋᏊਏᔈ׆ࢂ

    җ ADPᆶ EDPC౛ፕीᆉ PBE1PBE/6-31++G**ޕ่݀ޑǴޣٿ

ᚈᡏǶADPᆶރ໩ԄൂᡏԾ่ӝԋᕉٿҗࢂᚈᡏࣣޑ EDPCځ໩Ԅ

ൂᡏԾ่ӝԋᚈᡏѳᑽ߄ҢӵΠ 

 

N

H O

R
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    ໩Ԅൂᡏ             ໩Ԅൂᡏ            ᕉރᚈᡏ 

ADP    R=CH3 
EDPC   R=OC2H5 

ྋ፦ N-H ୷ᆶќ΋ྋ፦ C=O୷׎ԋణᗖǴӢԜځᕉރᚈᡏڀԖঁٿ

ణᗖǶԶҗ౛ፕीᆉ PBE1PBE/6-31++G**่݀ޑǴᕉ่ރᄬځҁي

ቹៜҭၨλǶྋ፦ޑྋᏊϟႝ߯ኧڙځλǴёа௢ෳࡐଽཱུຯޑ ADP

ᆶ EDPCӢ㞓ࠗᕉ΢ޑ N-H ୷ᆶ C=O୷ϐ໔ޑ C-C ᗖ཮ϣᙯǴ೷

ԋ໩ԄǵϸԄٿᅿᄬࠠǶՠவ౛ፕीᆉϷआѦӀ᛼ୀෳ่݀ޑǴADP

ѝڀԖ໩ԄൂᡏǶќ΋ྋ፦ EDPCவआѦӀ᛼ୀෳܴࠅᡉڀԖ໩Ԅǵ

ϸԄൂᡏ N-H ୷ޑ֎ԏঢ়ǶӢԜᗨฅ่ٿᄬ࣬՟Ǵՠૈ۔୷ R όޑ

ӕΨёૈቹៜྋ፦ޑᄬࠠᙯඤǶEDPCسޑ಍ό໻ڀԖൂᡏԾ่ӝΨ

ᒿՔ໩ǵϸԄൂᡏѳᑽǶEDPC໩ǵϸԄൂᡏѳᑽё߄ҢԋǺ 

 

N

H O

R
N

H O

R

N

H O

R

N

HO

R
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            ϸԄൂᡏ                 ໩Ԅൂᡏ 

 

໣ύࣁ ADP ک EDPCޑԾ่ӝࣴزਔǴाԵቾډྋᏊޑᒧ᏷Ǵаߚ

ЬǶЪྋᏊӧԜϯࣁྋᏊޑό཮ᆶྋ፦ౢғ੝ਸբҔΚ܄եཱུ܈܄ཱུ

ӝޑނ N-H ୷֎ԏጄൎǴόૈԖځд֎ԏঢ়ޑυᘋǴց߾཮ቹៜኬ

 ԌନଳృǴ Ӏ᛼཮೷ԋυᘋǶݤǴ٬ङඳૻဦค่݀ޑ௟ඔࠔ

 

3.2 ჴᡍჴᡍჴᡍჴᡍ: 

3.2.1 ሺᏔ೛ഢሺᏔ೛ഢሺᏔ೛ഢሺᏔ೛ഢ: 

1. ٬ҔआѦጕӀ᛼ሺࠠဦࣁ Digilab Excalibur HE Series FTS3100Ǵ

ёԿࡋ݋ှ 2 cm-1ǴѦௗ Thermo NESLAB RTE17 ྕࡡ௓ڋНኲ

а௓ڋኬࠔኲྕࡋǴྕࡋᇤৡ1±ࣁ o CǶ 

2. Omega Model HH22 (Type J-K thermocouple) ႝηྕࡋीǶ 

3. Buck Scientific CaF2ኬࠔኲ(cellǴӀ৩ϩձࣁ 0.5mm )ǶԜ CaF2ኬ

 ዊှǶڙόࣁᓬᗺޑኲࠔ

4. Mettler Toledo AB104Ϸ Ohaus Explorer E10640 ႝ ηϺѳǴᆒஏࡋ

ёԿλኧᗺಃѤՏǶ 

N

H O

O

N

H

O

O
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5. Hamilton ༾ໆݙ৔ଞ฿(1mLǴ0.5mLϷ 0.25mL)Ƕ 

6. Mitsuba 1mL ଞ฿Ϸ Maru-Kyu ݙ৔ଞᓐǶ 

7. Nichiden-Rika Glass 10mlϷ 50ml ࣒ዟ౟Ƕ 

8. Kimble Glass 4ml Vial (λ࣒ዟ౟) ֖ύޜ༟ጤ౟ᇂǶ 

9. Chem Glass white septum stopper (Ոమਵ) Ƕ 

 

3.2.2 ჴᡍᛰࠔჴᡍᛰࠔჴᡍᛰࠔჴᡍᛰࠔ 

1. 3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗǺ MAYBRIDGE ᛰቷǴપࡋ 97 %Ƕ 

2. ٌ҅₧( n-octane )ǺTediaᛰቷǴપࡋ 98%Ƕ 

3. ۪҅₧( n-heptane )ǺECHOᛰቷǴHPLCભ , પࡋ 99.8%Ƕ 

4. ѤෛΌ౎( tetrachloroethylene )ǺTediaᛰቷǴHPLC/SpectroભǴપ   

ࡋ  99.98%Ƕ 

5. ΟෛΌ౎( trichloroethylene )ǺJ. T. BakerᛰቷǴપࡋ 99.99%Ƕ 

6. ᕉρ₧(cyclohexane)ǺTediaᛰቷǴપࡋ 99.95%Ƕ 

7. Ҙ୷ᕉρ₧( methylcyclohexane )ǺTediaᛰቷǴપࡋ 99.96%Ƕ 
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3.2.3 ჴᡍ؁ᡯჴᡍ؁ᡯჴᡍ؁ᡯჴᡍ؁ᡯ: 

1. IRྋనଛ࿼ 

(1) ҔႝηϺѳӃગޑޜ 10 mLኬࠔ౟ϷՈమਵख़Ǵ٠Ԍନޜ౟ϷՈమ

ਵख़ໆࡕǴӆગ܌ሡϐྋ፦࿼࣬ܭӕޑኬࠔ౟ϣǶ 

(2) а 1 mLϐ༾ໆݙ৔ଞ฿ϩԛ֎ڗ፾ໆޑྋᏊݙΕኬࠔ౟ύբ҆ࣁ

నǴӆગྋᏊख़ໆǴ٠ճҔՈమਵஒኬࠔ౟࠾ՐǶ 

(3) а molality ( m )ൂࣁՏӃीᆉటଛ࿼ޑྋనᐚࡋǶਥᏵటଛ࿼ޑᐚ

Ǵаࡋ 0.25 mL༾ໆݙ৔ଞ฿֎ڗ፾ໆ҆ޑనݙ৔ܭ 4 mLޑλ࣒

ዟ౟ύ (ςӃԌନޜ౟ϷՈమਵख़) ࡕગख़Ǵ֎ڗ፾ໆޑྋᏊ࿼ܭ

࣬ӕޑλ࣒ዟ౟ύࡕગྋᏊख़ໆǴаଛ࿼ၨีޑྋనǶ܌ଛ࿼ޑᛰ    

аࣣࡋᐚࠔ molality ( m )ൂࣁՏǴߚ molarity (M)ǶӢ molalityόᒿ

 ᡂǴЪၨ৒ܰ؃ளǶׯࡋྕ

ǴஒࡋྋᏊஏޑΠࡋటෳໆόӕྕ܌рࢗ (4) molality ( m )ᙯඤࣁ  

  molarity (M)Ǵ྽բྋ፦ޑଛ࿼ᐚࡋǶ 

2. IRჴᡍᏹբ: 

(1)  Ӄஒ௓ྕኲፓ᏾ԿࡋྕޑۓڰǴሡݙཀൻᕉНύޑНՏࢂցى୼Ƕ

ኬࠔኲޑ੿ჴྕࡋаѦௗႝηྕࡋी᠐рྗࣁǴӢ௓ྕኲᆶኬࠔ

ኲೱௗޑ೽ϩ཮Ԗ዗ཞѨǶ໪฻ډኬࠔኲډၲࡋྕޑ዗ѳᑽਔω

ё໒ۈჴᡍǶ 
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ङඳ ( background )Ǵӆࣁԏբ֎ޑǴӃෳѝԖપྋᏊࡕѳᑽࡋྕ  (2)

ෳໆԌନङඳࡕኬޑࠔ֎ԏӀ᛼Ǵ௟ඔԛኧ 128 ԛǶङඳᆶኬࠔ

ဦؒԖֹӄԌૻޑԛኧǴаᗉխङඳޑӧ࣬ӕۓ௟ඔԛኧሡ೛ޑ

ନଳృǶኬࠔኲӀ৩ጄൎ0.5 ࣁmmǶኬࠔኲ࠾ࣁഈԄس಍Ǵჴᡍ

ၸำύаᕉς₧మࢱǴӆҔේ਻֌ଳǶ 

(3)  ஒჴᡍ܌ෳளޑӀ᛼а.SPCޑᔞӜᓯӸǴӆҗ GalacticϦљޑ೬

ᡏ GRAMS32 AIǴճҔଯථ—മউ૟(Gauss-Lorentz)షӝ፾ှϩթ

ԔጕϦԄஒ NH ୷όӕ֎ԏՏ࿼ՠख़᠄ޑ֎ԏঢ়ϩᚆрٰ٠ϩձ

؃рനε֎ԏՏ࿼ǵᕴ֎ԏࡋϷъଯቨǶ 
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3.3 IR ჴᡍ೽ҽჴᡍ೽ҽჴᡍ೽ҽჴᡍ೽ҽ: ൂൂൂൂǵǵǵǵᚈᡏѳᑽόᒿՔᄬࠠᙯඤᚈᡏѳᑽόᒿՔᄬࠠᙯඤᚈᡏѳᑽόᒿՔᄬࠠᙯඤᚈᡏѳᑽόᒿՔᄬࠠᙯඤ 

3.3.1  3,5-ΒҘ୷ΒҘ୷ΒҘ୷ΒҘ୷-2-Όㄽ୷㞓ࠗΌㄽ୷㞓ࠗΌㄽ୷㞓ࠗΌㄽ୷㞓ࠗྋٌ҅ܭ₧ྋనྋٌ҅ܭ₧ྋనྋٌ҅ܭ₧ྋనྋٌ҅ܭ₧ྋన 

    3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋٌ҅ܭ₧ྋనǴԜس಍ϩձӧ 15℃ǵ

25℃ǵ35℃Ϸ 45℃฻ѤঁόӕྕࡋΠ຾ՉჴᡍǶᐚࡋҗ molality (m)

ᙯඤࣁ morality (M)ࢂਥᏵٌ҅₧ӧόӕྕࡋΠޑஏୖࣁࡋԵኧᏵ 46 

(15℃Ǻ0.70673Ǵ25℃Ǻ0.69912Ǵ35℃Ǻ0.69139Ǵ45℃Ǻ0.68354 g mL-1)Ƕ

ကۓ m = (ྋ፦ವԸኧ/mol) / (ྋᏊख़ໆ/kg)ǴM = (ྋ፦ವԸኧ/mol) / 

(ྋనᡏᑈ/L)Ƕ(ᡏ୷ವԸᐚࡋ/M) = m× (ྋᏊख़ໆ/kg) / (ྋనᡏᑈ/L)Ǵ

ԶӧีᖓྋనύǴଷ೛ྋనᡏ୷ऊ฻ܭྋᏊᡏ୷ ǴӢԜځᙯඤϦԄ

M   ≈ m× (ྋᏊख़ໆ/kg) / (ྋᏊᡏ୷/L) = m×ྋᏊஏࡋ ρǶკ3.115ࣁ ℃

ਔǴคӢԛϯ B ࣁϩձࡋଛ࿼ᐚޑ 0.0215ǵ0.0178ǵ0.0140ǵ0.0103

Ϸ 0.0065ਔྋ፦ޑ NH ୷ IR ֎ԏӀ᛼Ƕ 

    კ ࣁ3.2 15 ℃ਔǴคӢԛϯ B ࣁࡋଛ࿼ᐚޑ 0.0234ਔǶஒ NH

୷ޑ໩ԄൂᡏϷᚈᡏ֎ԏϐख़᠄೽ϩǴа Galaticрޑࠔ PeakSolve 

GRAMS32 AI೬ᡏǴ٠ճҔଯථ—മউ૟(Gauss-Lorentz) షӝ፾ှϩ

թԔጕϦԄ܌ϩᚆϐკ׎Ƕځύҗၨଯ֎ԏᓎ౗Կၨե֎ԏᓎ౗ϩձ

ᡏൂࣁ N-H ୷֎ԏঢ়Ϸᚈᡏ N-H ୷֎ԏঢ়Ƕ 

߄     ளϐൂᡏϷᚈᡏ܌ࡕࡋΠǴෳໆΜಔᐚࡋӧѤᅿόӕྕࣁ3.1

 Ƕࡋനε֎ԏՏ࿼ǵъଯቨаϷᕴ֎ԏޑ
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კ 3.1   3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋٌ҅ܭ₧ྋᏊύǴ15ʚਔ܌ෳள

N-H ୷ޑ IR Ӏ᛼კǶคӢԛϯ B Πϩձډҗ΢ࡋଛ࿼ᐚޑ

 0.0215ǵ 0.0178ǵ0.0140ǵ 0.0103ǵ0.0065Ƕ:ࣁ
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კ 3.2   3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋٌ҅ܭ₧ྋᏊύǴӧ 15℃ਔคӢ

ԛϯ B ࣁࡋଛ࿼ᐚޑ 0.0234ਔ܌଺ޑ N-H ୷፾ှ᛼ጕǶ 
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߄ 3.1   ӧόӕྕࡋΠǴ3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗӧٌ҅₧ྋᏊύǴ

ਔǴൂᡏϷᚈᡏനε֎ԏՏ࿼ǵъଯቨϷࡋᐚۈᡂόӕଆׯ

ൂᡏǵᚈᡏᕴ֎ԏࡋǶ 

 

T=15℃ ൂᡏ֎ԏঢ় ᚈᡏ֎ԏঢ় 

oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

നε 
֎ԏՏ࿼ 

ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0065 3449.5  9.0  14.5  3284.1  39.3  166.3  
0.0084 3448.5  9.4  16.9  3283.8  39.9  224.4  
0.0103 3448.8  9.2  18.9  3283.8  39.7  284.0  
0.0121 3449.3  9.3  20.8  3284.0  39.3  341.2  
0.0140 3448.8  9.2  22.5  3283.7  39.2  402.4  
0.0159 3449.4  9.2  24.2  3283.9  39.3  464.1  
0.0178 3449.0  9.2  25.8  3283.7  39.2  526.3  
0.0196 3449.0  9.5  27.2  3283.9  39.4  585.7  
0.0215 3448.6  9.5  28.6  3283.9  39.4  648.7  
0.0234 3448.6  9.4  29.9  3283.6  39.3  712.0  

 

T=25℃ 酚 ൂᡏ֎ԏঢ় 酚 ᚈᡏ֎ԏঢ় 

oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

നε 
֎ԏՏ࿼ 

ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ) ( cm-1 ) ( cm-1 ) ( cm-1 ) ( cm-1 ) ( cm-1 ) ( cm-1 ) 

0.0065 3449.8  9.1  17.7  3285.5  41.0  147.7  
0.0087 3449.3  9.0  21.6  3284.9  40.0  201.1  
0.0107 3449.0  9.1  24.4  3284.8  40.4  268.4  
0.0126 3448.7  9.1  26.5  3284.6  40.2  324.1  
0.0144 3449.6  9.2  28.5  3285.1  40.2  374.9  
0.0163 3448.5  9.3  31.6  3284.8  40.9  446.1  
0.0183 3448.9  9.2  33.1  3284.8  40.3  501.3  
0.0203 3449.0  9.3  34.9  3284.8  40.2  559.7  
0.0223 3449.5  9.3  36.9  3285.3  40.1  619.7  
0.0240 3449.1  9.1  38.9  3284.9  40.3  684.6  
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ௗុ߄ 3.1 

 
T=35℃ 酚 ൂᡏ֎ԏঢ় 酚 ᚈᡏ֎ԏঢ় 

oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

നε 
֎ԏՏ࿼ 

ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0058 3449.6  9.1  19.7  3286.2  41.8  108.8  
0.0075 3448.8  9.2  23.3  3285.9  41.8  152.1  
0.0090 3449.3  9.0  26.1  3286.6  42.6  191.8  
0.0107 3449.1  9.3  29.2  3286.2  41.8  238.1  
0.0122 3449.6  9.3  31.6  3286.4  41.9  279.8  
0.0139 3449.5  9.2  34.2  3286.3  41.5  328.1  
0.0155 3449.5  9.1  36.6  3286.6  41.9  374.2  
0.0171 3450.2  9.1  38.8  3287.2  42.1  420.9  
0.0188 3449.0  9.3  41.1  3286.2  41.4  471.3  
0.0207 3449.5  9.3  43.5  3286.5  41.5  527.6  

 

 

 

T=45℃ ൂᡏ֎ԏঢ় 酚 ᚈᡏ֎ԏঢ় 

oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

നε 
֎ԏՏ࿼ 

ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0066 3449.4  9.2  25.3  3287.6  42.3  106.6  
0.0082 3449.9  9.2  29.4  3287.7  42.5  143.4  
0.0098 3449.8  9.5  33.1  3287.6  43.9  181.9  
0.0110 3449.5  9.3  35.7  3287.6  43.5  211.7  
0.0127 3449.5  9.4  39.3  3287.3  42.9  255.1  
0.0143 3449.5  9.2  42.4  3287.8  43.4  296.8  
0.0161 3449.2  9.2  45.7  3287.2  42.2  344.8  
0.0174 3449.6  9.3  48.0  3287.4  42.5  380.0  
0.0193 3449.6  9.3  51.2  3287.2  42.1  432.1  
0.0204 3449.5  9.2  53.0  3287.2  42.2  462.6  
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    җܭϩηਁ୏ౢ܌ғޑ֎ԏӀ᛼ӧ਻ᄊ (gas phase) ᆶӧᏉރᄊ 

(condensed phase) ΠԖ܌όӕǴӢԜϩηྋှܭόӕྋᏊس಍Πਔ໪

ԵቾྋᏊਏᔈǶਥᏵ KBM (Kirkwood-Bauer-Magat) ౛ፕ 47,48ёޕǴճ

ҔआѦӀ᛼ୀෳډ੝ૈ۔ۓ୷՜ᕭਁ୏ᓎ౗Տ࿼ᆶྋᏊϟႝதኧޑᜢ

ࣁ߯
)12(
)1(oobs

+
−−ν=ν

D

D
C Ƕځύ obs

ν ୷നε֎ԏঢ়Տ࿼Ǵૈ۔ۓ੝ډᢀෳࣁ

oν നε֎ԏՏ࿼ǴCޑ୷ૈ۔ۓᄊਔ੝ރޜྋ፦ӧ੿ࣁ தኧǴDࣁ ࣁ

ྋᏊޑϟႝதኧǶ 

    ਥᏵપྋᏊϟႝதኧ߄ 49Ǵёаளޑ₧ٌ҅ډϟႝதኧୖԵኧᏵ

аϷس಍ܭѤᅿྕࡋΠޑϟႝதኧॶ(15℃Ǻ1.9545Ǵ25℃Ǻ1.9415Ǵ

35℃Ǻ1.9285Ǵ45℃Ǻ1.9155)ǶஒӧྋనΠᢀჸൂډᡏޑ N-H ୷നε

՜ᕭਁ୏ᓎ౗ obs
NHν ჹ

)12(

)1(

+
−

D

D
բጕ܄଑ᘜёள Y = -131.25X + 3474.5Ǵ่

݀ӵკ ࣁύᄒຯځҢǶ܌3.3 3474.5 cm-1ж߄Ѧකډ D = 1ރޑᄊǴջ

ྋ፦ܭ੿ރޜᄊΠ N-H ୷ޑ՜ᕭਁ୏ᓎ౗ 0
NHν Ƕ 

    җ߄ 3.1 سᡂǴஒׯࡋΠൂᡏനε՜ᕭਁ୏ᓎ౗όϼᒿᐚྕۓޕ

಍ྕࡋϩձࣁ 15℃ǵ25℃ǵ35℃Ϸ 45℃ਔൂޑᡏനε֎ԏᓎ౗Տ࿼଺

ѳ֡ǶЪஒѤঁྕࡋΠޑ
)12(

)1(

+
−

D

D
ॶ᏾౛ӵΠ 

 

ٌ҅₧ 15℃ 25℃ 35℃ 45℃ 

(D-1) / (2D+1) 0.1944 0.1928 0.1912 0.1895 

obs
NHν   / cm-1 3448.9 ± 0.1 3449.1 ± 0.2 3449.4 ± 0.2 3449.6 ± 0.1 
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ྋᏊޑϟႝதኧ཮ޑࡋྕڙቹៜǴ྽եྕਔځϟႝதኧεǶҗ Onsager50

౛ፕޕ྽ྋᏊϟႝதኧቚεǴ཮೷ԋྋᏊբҔܭྋ፦ޑϸᔈ൑ R  

(reaction field) ቚεǶЪޕϸᔈ൑բҔܭྋ፦೷ԋૈໆޑΠफ़ࣁ

ν∆=µ= h/2U R Ǵ µࣁྋ፦ޑଽཱུຯǴ ν∆ Տ౽Ƕޑ՜ᕭਁ୏ᓎ౗ࣁ ν∆ ё

Ңԋ߄  hµR/2 ǴӢԜྋᏊϟႝதኧຫεǴ߾R ຫεǴ೷ԋ՜ᕭਁ୏ᓎ౗

౽Տޑ ν∆ ΨຫεǶKBM 47,48а Onsagerޑ౛ፕ྽୷ᘵǴ௢ᏤрՏ౽Ϧ

ԄǴԶҗჴᡍ่݀ޑΨᆶ౛ፕ࣬಄Ǵᒿ๱ྋᏊϟႝதኧຫεځനε՜

ᕭਁ୏ᓎ౗Տ౽Ψ཮ቚεǶ     

    ᏾౛Ԅ (2-2) ٠ճҔКᅟۓ౛ஒԾ่ӝѳᑽதኧK ᏾౛ԋ 

 

 

 constant)(
)

 

][
(

 

][
 

2
m

dO

d

2
m

2
2

O

O
2

2
2 ×====

A

A
c

ε

ε

A

A

c

B
c

B

c

c
K

m

d

B

B  

 

 
 
(3-1) 

ςྕۓޕΠൂǵᚈᡏޑᕴವԸ֎ԏ߯ኧ mε ǵ dε ϷൂᡏԾ่ӝѳᑽதኧ

K ΠࡋྕۓڰǴӧޕ ॶǶӢԜҗԄ (3-1)ۓࣁ d
2 / AAm ΨۓࣁॶǴόᒿ

ࡋᐚۈ߃ Oc ᡂǶӵკׯ ࣁ3.4 d
2 / AAm ჹคӢԛϯ B ࡋଛ࿼ᐚޑ Oc ଺კǶ 

 

 

 



59 
 

0.189 0.190 0.191 0.192 0.193 0.194 0.195

3449.0

3449.2

3449.4

3449.6

3449.8

(D-1) / (2D+1)

νob
s

N
H
 / 

cm
-1

 
კ 3.3   3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋٌ҅ܭ₧ྋᏊύǴόӕྕࡋΠޑ

ൂᡏՏ౽ obs
NHν ჹ

12

1

+
−

D

D
բკǴځύ D  ϟႝதኧǶޑ₧ٌ҅ࣁ

0.006 0.012 0.018 0.024
0

1

2

3

4

5

6

7

(A
m
)2 A

-1 d
 / 

cm
-2

c
O  

კ 3.4   3,5-ΒҘ୷-2-Όㄽ୷㞓ٌࠗ҅ܭ₧ྋᏊύ d
2 / AAm ჹ Oc բკǶ

-) :ࣁϩձࡋѤಔྕځ -)288KǴ (- -)298KǴ(- -)308KǴ(-
-)318KǶ 
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    җԄ (2-13) ϷԄ (2-17) ள่݀ޑډӵΠ 

 

 

 

 O
m

m2O2
mm

O 1

)(

2

cε
A

cε

K

A

c +=  

 

 
(2-13) 
 

 

 
 

O
d

1/2
dO

dd

O 2

 

1

cε
A

cεKA

c += −  
 
(2-17) 
 

     

ճҔԄ (2-13) ϷԄ (2-17) ёϩձ؃рൂᡏ֎ԏ߯ኧ mε ǵҗൂᡏϦԄ

؃рޑԾ่ӝѳᑽதኧ dK′ǵᚈᡏ֎ԏ߯ኧ dε ϷҗᚈᡏϦԄ؃рޑԾ่

ӝѳᑽதኧ dK ǴЪҗൂᡏᆶᚈᡏளޑډԾ่ӝѳᑽதኧڗ൳Ֆѳ֡Ǵ

྽଺ჴᡍ܌ள،ۓॶǶ 

    კ ߄ճҔࣁ3.5 3.1ύࡋྕۓΠǴൂᡏӧ֎ԏ஥ޑᕴ֎ԏࡋ mA Ǵж

ΕൂᡏޑϦԄ (2-13) Ǵ٠а m/Y AcO= ჹ mX A= բጕ܄კǴёளډ௹౗

2O2
mm )( / 2 cεKP = Ǵᄒຯ O/1 cεQ mm = Ƕ 

    კ 3.6ճҔᚈᡏϦԄǴஒ߄ 3.1ύࡋྕۓΠǴᚈᡏӧ֎ԏ஥ޑᕴ֎

ԏࡋжΕԄ (2-17) ύǴа dO / Y Ac= ჹ 1/2
dX −= A բጕ܄კǴёளډ௹౗

O
dd   / 1 cεKP = Ǵᄒຯ O

dd  / 2 cεQ = Ƕ 
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კ 3.5   җϦԄ (2-13) ܌ளϐ 3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋٌ҅ܭ₧

ྋᏊύޑጕ܄კǶځѤಔྕࡋϩձࣁ:(- -)288KǴ(- -)298KǴ
(- -)308KǴ(- -)318KǶ 

0.00 0.03 0.06 0.09
0.00000

0.00002

0.00004

0.00006

0.00008

0.00010

c O
A

d-1
/ c

m
2

A
d

-1/2 / cm  

კ 3.6   җϦԄ (2-17) ܌ளϐ 3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋٌ҅ܭ₧

ྋᏊύޑጕ܄კǶځѤಔྕࡋϩձࣁ:(- -)288KǴ(- -)298KǴ
(- -)308KǴ(- -)318KǶ 
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    җϦԄ (2-13) ϷϦԄ (2-17) ޑ௹౗ǵᄒຯǴёа؃ள዗ΚᏢୖ

ኧ mε ǵ dε ϷӀ᛼ୖኧ KǴஒځӈ߄ܭ 3.2ύǶஒόӕྕࡋΠԾ่ӝѳᑽ

தኧ K ॶ଺ van’t Hoff კǴ
R

1

R
 -   ln

OO S

T

H
K

∆+∆= Ǵа KlnY = ჹ X=
T

1
 ଺

ጕ܄კǴளډ௹౗
R

 -
OH∆
Ϸᄒຯ

R

OS∆
ǴӢԜҗ௹౗ǵᄒຯёаϩձ؃р

ൂᚈᡏԾ่ӝޑ኱ྗ₲ OH∆ Ϸ⪖ OS∆ Ƕკ3.7ࣁ K ln ჹ
T

1
଺van’t Hoff კǶ

җ௹౗ǵᄒຯǴளൂډᡏԾ่ӝޑ኱ྗ₲ OH∆ Ϸ኱ྗ⪖ OS∆ ϩձࣁ

-1molkJ   42.6- ᆶ -1-1KmolJ  3.95− ٠ӈ߄ܭ 3.2Ƕ 

    வ߄ 3.2ᢀჸǴ྽ྕࡋϲଯਔǴ཮٬Ծ่ӝѳᑽதኧ K ॶᡂλǴ

ӢԜዴᇡൂᡏԾ่ӝࣁ΋ᅿܫ዗ϸᔈǶҁჴᡍΨճҔൂᡏǵᚈᡏϦԄ

؃ளൂǵᚈᡏᕴ֎ԏࡋ౛ፕጕ mA ǵ dA Ǵ٠ஒჴᡍ፾ှளޑډ mA ǵ dA ᆶ

౛ፕॶ଺კǶஒൂᡏϦԄ (2-13) ४ mA Ǵ٠౽໨᏾౛ԋ 

 

 

 
0

2

)(

2

2O
O

2
m

m

O
m2

m =−+
K

ccε
A

K

cε
A  

 
(3-2) 

 

ஒԄ (3-2) ӢԄϩှளډ mA  ౛ፕጕǶޑ

 

 

 1)81(

2
1/2

O

O
Om

m ++
=

Kc

ccε
A  

 
(3-3) 

     

ӧᚈᡏϦԄ (2-17) ύǴз dAA ′=1/2
d а܌ 2

d dAA ′= ǶஒԄη᏾౛ԋ 
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0

2)(2

)( O
O

d
1/2

d

1/2O
d2 =−′+′ ccε

A
Kε

cε
A dd  

 
(3-4) 

 

ډԄ (3-4) ӢԄϩှளע dA′  

 

 

 
)181(

)(4

)(
O1/2

d

1/2O
d −+=′ Kc
Kε

cε
Ad  

 
(3-5) 

 

ஒԄ (3-5) жΕ 2
d dAA ′= ύǴ᏾౛ளډ dA  ౛ፕጕǶޑ

 

 

 

)
1)81(

1)81(
(

2 1/2
O

1/2
O

O
Od

d ++
−+=

Kc

Kcccε
A   

(3-6) 

 

    კ 3.8ǵ3.9ϩձൂࣁᡏᕴ֎ԏࡋ mA ჹคӢԛϯ B ࡋᕴᐚޑ Oc բკ

Ϸᚈᡏᕴ֎ԏࡋ dA ჹคӢԛϯ B ࡋᕴᐚޑ Oc բკǶ mA  ౛ፕጕёҗԄޑ

(3-3) ؃ளǴ dA  ؃ளǶ ౛ፕጕёҗԄ (3-6)ޑ
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კ 3.7   3,5-ΒҘ୷-2-Όㄽ୷㞓ٌࠗ҅ܭ₧ྋᏊύ van’t Hoff კǶԜ

ೀѳᑽதኧ K  ൳Ֆѳ֡ॶǶޑᚈᡏԾ่ӝதኧൂࣁ
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კ 3.8   3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋٌ҅ܭ₧ྋᏊύǴ mA ჹ Oc բკǶ

-) :ࣁϩձࡋѤಔྕځ -)288KǴ (- -)298KǴ(- -)308KǴ(-
-)318KǶ౛ፕጕёаҗϦԄ (3-3) ளډǶ 
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კ 3.9   3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋٌ҅ܭ₧ྋᏊύǴ dA ჹ Oc բკǶ

-) :ࣁϩձࡋѤಔྕځ -)288KǴ (- -)298KǴ(- -)308KǴ(-
-)318KǶ౛ፕጕёаҗϦԄ (3-6) ளډǶ 
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3.3.2  3,5-ΒҘ୷ΒҘ୷ΒҘ୷ΒҘ୷-2-Όㄽ୷㞓ࠗΌㄽ୷㞓ࠗΌㄽ୷㞓ࠗΌㄽ୷㞓ࠗྋ۪҅ܭ₧ྋనྋ۪҅ܭ₧ྋనྋ۪҅ܭ₧ྋనྋ۪҅ܭ₧ྋన 

    3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋ۪҅ܭ₧ྋనǴԜس಍ϩձӧ 15℃ǵ

25℃ǵ35℃Ϸ 45℃฻ѤঁόӕྕࡋΠ຾ՉჴᡍǶᐚࡋҗ molality (m)

ᙯඤࣁ morality (M)ࢂਥᏵ۪҅₧ӧόӕྕࡋΠޑஏୖࣁࡋԵኧᏵ 46 

(15℃Ǻ0.69052Ǵ25℃Ǻ0.68212Ǵ35℃Ǻ0.67357Ǵ45℃Ǻ0.66486 g mL-1)Ƕ

ကۓ m = (ྋ፦ವԸኧ/mol) / (ྋᏊख़ໆ/kg)ǴM = (ྋ፦ವԸኧ/mol) / 

(ྋనᡏᑈ/L)Ƕ(ᡏ୷ವԸᐚࡋ/M) = m× (ྋᏊख़ໆ/kg) / (ྋనᡏᑈ/L)Ǵ

ԶӧีᖓྋనύǴଷ೛ྋనᡏ୷ऊ฻ܭྋᏊᡏ୷ ǴӢԜځᙯඤϦԄ

M   ≈ m× (ྋᏊख़ໆ/kg) / (ྋᏊᡏ୷/L) = m×ྋᏊஏࡋ ρǶკ ࣁ3.10 15 

℃ਔǴคӢԛϯ B ࣁϩձࡋଛ࿼ᐚޑ 0.0180ǵ0.0147ǵ0.0115ǵ0.0084

Ϸ 0.0051ਔྋ፦ޑ NH ୷ IR ֎ԏӀ᛼Ƕ 

    კ ࣁ3.11 15 ℃ਔǴคӢԛϯ B ࣁࡋଛ࿼ᐚޑ 0.0147ਔǴஒ NH

୷ޑ໩ԄൂᡏϷᚈᡏ֎ԏϐख़᠄೽ϩǴа Galatic рޑࠔ PeakSolve 

GRAMS32 AI೬ᡏǴ٠ճҔଯථ—മউ૟(Gauss-Lorentz) షӝ፾ှϩ

թԔጕϦԄ܌ϩᚆϐკ׎Ǵځύҗၨଯ֎ԏᓎ౗Կၨե֎ԏᓎ౗ϩձ

ᡏൂࣁ N-H ୷֎ԏঢ়Ϸᚈᡏ N-H ୷֎ԏঢ়Ƕ 

߄         3.3 ளϐൂᡏϷ܌ࡕࡋΠǴෳໆΜಔᐚࡋӧѤᅿόӕྕࣁ

ᚈᡏޑനε֎ԏՏ࿼ǵъଯቨаϷᕴ֎ԏࡋǶ 

 



68 
 

3500 3400 3300 3200

-0.3

0.0

0.3

0.6
A

bs
or

ba
nc

e

Wavenumber / cm-1

 

კ 3.10  3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋ۪҅ܭ₧ྋᏊύǴӧ 15ʚਔ܌ෳ

ள N-H ୷ޑ IR Ӏ᛼კǶคӢԛϯ B Πϩډҗ΢ࡋଛ࿼ᐚޑ

ձ0.0180 :ࣁǵ0.0147ǵ0.0115ǵ0.0084 ǵ 0.0051Ƕ 
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კ 3.11  3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋ۪҅ܭ₧ྋᏊύӧ 15ʚคӢԛ

ϯ B ޑ଺܌0.0147mol L-1ਔǴ ࣁࡋଛ࿼ᐚޑ N-H ୷፾ှ᛼

ጕǶ 
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ΠǴ3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋӧ۪҅₧ྋᏊύǴࡋӧόӕྕ   3.3߄

ਔǴൂᡏϷᚈᡏനε֎ԏՏ࿼ǵъଯቨϷࡋᐚۈᡂόӕଆׯ

ᕴ֎ԏࡋǶ 

 

T=15℃ 酚 ൂᡏ֎ԏঢ় 酚 ᚈᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

നε 
֎ԏՏ࿼ 

ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 ) ( cm-1 )  ( cm-1 ) 

0.0051 3449.3  9.3  12.4  3285.1  40.8  133.8  
0.0068 3449.2  9.4  14.6  3285.0  40.4  188.1  
0.0084 3449.2  9.7  16.6  3285.0  41.4  240.5  
0.0101 3449.2  9.5  18.4  3285.2  40.8  297.1  
0.0115 3449.3  8.9  19.8  3284.5  39.2  344.4  
0.0130 3449.3  9.1  21.2  3284.2  39.3  395.5  
0.0147 3449.3  8.9  22.7  3285.1  39.2  453.9  
0.0164 3449.3  9.1  24.1  3285.2  39.4  512.7  
0.0180 3449.3  8.9  25.4  3284.9  39.2  568.5  
0.0193 3449.3  8.9  26.4  3284.1  39.1  613.9  

 

T=25℃ 酚 ൂᡏ֎ԏঢ় 酚 ᚈᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

നε 
֎ԏՏ࿼ 

ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 ) ( cm-1 )  ( cm-1 ) 

0.0061 3449.6  9.1  19.3  3286.2  40.8  136.0  
0.0071 3449.2  8.8  21.2  3285.5  40.4  165.4  
0.0090 3450.0  9.0  25.0  3285.9  41.5  224.2  
0.0104 3449.4  9.0  27.4  3285.6  41.2  265.3  
0.0117 3449.6  9.1  29.0  3285.7  40.5  304.9  
0.0130 3449.3  8.9  30.7  3285.3  40.0  341.3  
0.0148 3449.9  9.0  33.0  3285.7  40.3  399.8  
0.0163 3449.2  9.0  35.1  3285.5  40.2  449.7  
0.0177 3449.9  9.0  37.0  3285.9  40.3  499.8  
0.0192 3450.0  9.1  39.0  3285.8  41.8  547.6  
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ௗុ߄ 3.3 

 

T=35℃ 酚 ൂᡏ֎ԏঢ় 酚 ᚈᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

നε 
֎ԏՏ࿼ 

ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 ) ( cm-1 )  ( cm-1 ) 

0.0068 3449.6  9.1  23.5  3286.7  42.1  139.1  
0.0083 3449.1  9.0  26.7  3286.4  41.9  177.1  
0.0099 3449.7  9.2  30.7  3286.9  42.6  223.5  
0.0117 3449.3  9.1  34.3  3286.7  42.2  272.6  
0.0136 3449.8  9.3  37.7  3287.0  42.6  332.7  
0.0154 3450.0  9.2  40.4  3287.0  41.8  377.5  
0.0170 3449.8  8.9  43.0  3287.2  43.7  436.6  
0.0187 3450.7  9.1  44.9  3287.8  41.6  487.2  
0.0204 3449.6  9.2  46.5  3286.7  41.4  537.5  
0.0220 3450.1  9.1  49.3  3287.5  42.9  592.4  

 

 

 

T=45℃ 酚 ൂᡏ֎ԏঢ় 酚 ᚈᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

നε 
֎ԏՏ࿼ 

ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 ) ( cm-1 )  ( cm-1 ) 

0.0064 3450.7  9.2  26.6  3288.4  44.3  104.6  
0.0081 3449.8  9.2  31.1  3288.1  43.2  143.0  
0.0097 3449.5  9.2  34.8  3287.7  42.6  179.1  
0.0113 3449.7  9.3  39.6  3287.7  43.5  227.1  
0.0129 3450.7  9.1  42.7  3288.7  43.0  266.5  
0.0146 3449.6  9.2  46.2  3287.7  42.6  308.3  
0.0162 3449.7  9.2  49.2  3288.0  42.7  353.0  
0.0178 3449.7  9.2  52.8  3287.7  43.3  403.1  
0.0195 3449.8  9.3  54.9  3287.9  42.4  443.6  
0.0210 3449.8  9.2  57.6  3287.8  42.3  491.2  
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    җܭϩηਁ୏ౢ܌ғޑ֎ԏӀ᛼ӧ਻ᄊ (gas phase) ᆶӧྋᏊރ

ᄊ (condensed phase) ΠԖ܌όӕǴӢԜϩηྋှܭόӕྋᏊس಍Πਔ

໪ԵቾྋᏊਏᔈǶਥᏵ KBM (Kirkwood-Bauer-Magat) ౛ፕ 47,48ёޕǴ

ճҔ IR Ӏ᛼ୀෳډ੝ૈ۔ۓ୷ਁ୏ᓎ౗Տ࿼ᆶྋᏊϟႝதኧޑᜢ߯

ࣁ
)12(
)1(oobs

+
−−ν=ν

D

D
C Ǵځύ obs

ν ୷നε֎ԏঢ়Տ࿼Ǵૈ۔ۓ੝ډᢀෳࣁ oν

നε֎ԏՏ࿼ǴCޑ୷ૈ۔ۓᄊਔ੝ރޜྋ፦ӧ੿ࣁ தኧǴDࣁ ྋࣁ

ᏊޑϟႝதኧǶ 

    ਥᏵપྋᏊϟႝதኧ߄ 49Ǵёаளޑ₧۪҅ډϟႝதኧୖԵኧᏵ

аϷس಍ܭѤᅿྕࡋΠޑϟႝதኧॶ(15 ℃Ǻ1.931Ǵ25 ℃Ǻ1.917Ǵ

35 ℃Ǻ1.903Ǵ45 ℃Ǻ1.889)ǶஒӧྋనΠᢀჸൂډᡏޑ N-H ୷՜ᕭ

ਁ୏ᓎ౗ obs
NHν ჹ

)12(

)1(

+
−

D

D
բጕ܄଑ᘜёள Y = -114.67X + 3471.3Ǵ่݀ӵ

კ ࣁύᄒຯځҢǶ܌3.12 3471.3 cm-1ж߄Ѧකډ D = 1ރޑᄊǴջྋ

፦ܭ੿ރޜᄊΠ N-H ୷ޑ՜ᕭਁ୏ᓎ౗ 0
NHν Ƕ           

    җ߄ 3.3 سᡂǴஒׯࡋΠൂᡏനε՜ᕭਁ୏ᓎ౗όϼᒿᐚྕۓޕ

಍ྕࡋϩձࣁ 15℃ǵ25℃ǵ35℃Ϸ 45℃ਔൂޑᡏനε֎ԏᓎ౗Տ࿼଺

ѳ֡ǴЪஒѤঁྕࡋΠޑ
)12(

)1(

+
−

D

D
ॶ᏾౛ӵΠ 

 

۪҅₧ 15℃ 25℃ 35℃ 45℃ 

(D-1)/(2D+1) 0.1915 0.1897 0.1879 0.1861 

νm,obs/cm-1 3449.3 ± 0.1 3449.6 ± 0.1 3449.8 ± 0.2 3449.9 ± 0.2 
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ྋᏊޑϟႝதኧ཮ޑࡋྕڙቹៜǴ྽եྕਔځϟႝதኧεǶҗ Onsager50

౛ፕޕ྽ྋᏊϟႝதኧቚεǴ཮೷ԋྋᏊբҔܭྋ፦ޑϸᔈ൑ R  

(reaction field) ቚεǶЪޕϸᔈ൑բҔܭྋ፦೷ԋૈໆޑΠफ़ࣁ

ν∆== h    U µR/2 Ǵ µࣁྋ፦ޑଽཱུຯǴ ν∆ Տ౽Ƕޑ՜ᕭਁ୏ᓎ౗ࣁ ν∆ ё

Ңԋ߄  hµR/2 ǴӢԜྋᏊϟႝதኧຫεǴ߾R ຫεǴ೷ԋ՜ᕭਁ୏ᓎ౗

౽Տޑ ν∆ ΨຫεǶKBM 47,48а Onsagerޑ౛ፕ྽୷ᘵǴ௢ᏤрՏ౽Ϧ

ԄǴԶҗჴᡍ่݀ޑΨᆶ౛ፕ࣬಄Ǵᒿ๱ྋᏊϟႝதኧຫεځനε՜

ᕭਁ୏ᓎ౗Տ౽Ψ཮ቚεǶ     

    ᏾౛Ԅ (2-2) ٠ճҔКᅟۓ౛ஒԾ่ӝѳᑽதኧK ᏾౛ԋ 

 

 

 constant)(
)

 

][
(

 

][
 

2
m

dO

d

2
m

2
2

O

O
2

2
2 ×====

A

A
c

ε

ε

A

A

c

B
c

B

c

c
K

m

d

B

B  

 

 
 
(3-1) 

ςྕۓޕΠൂǵᚈᡏޑᕴವԸ֎ԏ߯ኧ mε ǵ dε ϷൂᡏԾ่ӝѳᑽதኧ

K ΠࡋྕۓڰǴӧޕ ॶǶӢԜҗԄ (3-1)ۓࣁ d
2 / AAm ΨۓࣁॶǴόᒿ

ࡋᐚۈ߃ Oc ࣁᡂǶӵკ3.13ׯ d
2 / AAm ჹۈ߃คӢԛϯBޑଛ࿼ᐚࡋ Oc ଺

კǶ 
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კ 3.12  3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋ۪҅ܭ₧ྋᏊύǴόӕྕࡋΠޑ

ൂᡏՏ౽ obs
NHν ჹ

12

1

+
−

D

D
բკǴځύ D  ϟႝதኧǶޑ₧۪҅ࣁ

0.004 0.008 0.012 0.016 0.020 0.024
0
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(A
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)2 A

-1 d
 / 
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c
O  

კ 3.13  3,5-ΒҘ୷-2-Όㄽ୷㞓۪ࠗ҅ܭ₧ྋᏊύ d
2 / AAm ჹ Oc բკǶ

-) :ࣁϩձࡋѤಔྕځ -)288KǴ (- -)298KǴ(- -)308KǴ(-
-)318KǶ 
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    җԄ (2-13) ϷԄ (2-17) ள่݀ޑډӵΠ 

 

 

 

 O
m

m2O2
mm

O 1

)(

2

cε
A

cε

K

A

c +=  

 

 
(2-13) 
 

 

 
 

O
d

1/2
dO

dd

O 2

 

1

cε
A

cεKA

c += −  
 
(2-17) 
 

     

ճҔԄ (2-13) ϷԄ (2-17) ёϩձ؃рൂᡏ֎ԏ߯ኧ mε ǵҗൂᡏϦԄ

؃рޑԾ่ӝѳᑽதኧ dK′ǵᚈᡏ֎ԏ߯ኧ dε ϷҗᚈᡏϦԄ؃рޑԾ่

ӝѳᑽதኧ dK ǴЪҗൂᡏᆶᚈᡏளޑډԾ่ӝѳᑽதኧڗ൳Ֆѳ֡Ǵ

྽଺ᢀჸॶǶ 

    კ ߄ճҔࣁ3.14 3.3ύࡋྕۓΠǴൂᡏӧ֎ԏ஥ޑᕴ֎ԏࡋ mA Ǵ

жΕൂᡏϦԄ  (2-13) Ǵа mO / Y Ac= ჹ mX A= բკǴёளډ௹౗

2O2
mm )( / 2 cεKP = Ǵᄒຯ O

mm  / 1 cεQ = Ƕ 

კ 3.15ճҔᚈᡏϦԄǴஒ߄ 3.3ύࡋྕۓΠǴᚈᡏӧ֎ԏ஥ޑᕴ֎ԏ

жΕԄࡋ  (2-17) ύǴа dO / Y Ac= ჹ 1/2
dX −= A բკǴёளډ௹౗

O
dd   / 1 cεKP = Ǵᄒຯ O

dd  / 2 cεQ = Ƕ 
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კ 3.14  җϦԄ (2-13) ܌ளϐ 3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋ۪҅ܭ₧

ྋᏊύޑጕ܄კǶځѤಔྕࡋϩձࣁ:(- -)288KǴ (- -)298KǴ
(- -)308KǴ(- -)318KǶ 
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კ 3.15  җϦԄ (2-17) ܌ளϐ 3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋ۪҅ܭ₧

ྋᏊύޑጕ܄კǶځѤಔྕࡋϩձࣁ:(- -)288KǴ (- -)298KǴ
(- -)308KǴ(- -)318KǶ 
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җϦԄ (2-13) ϷϦԄ (2-17) ޑ௹౗ǵᄒຯǴёа؃ள዗ΚᏢୖኧ mε ǵ

dε ϷӀ᛼ୖኧ KǴஒځӈ߄ܭ 3.4ύǶஒόӕྕࡋΠԾ่ӝѳᑽதኧ K

ॶ଺ van’t Hoff კǴ
R

1

R
 -   ln

OO S

T

H
K

∆+∆= Ǵа Y= K ln ჹ X=
T

1
 ଺ጕ܄

კǴளډ௹౗
R

 -
OH∆
Ϸᄒຯ

R

OS∆
ǴӢԜҗ௹౗ǵᄒຯёаϩձ؃рൂᚈ

ᡏԾ่ӝޑ኱ྗ₲ OH∆ Ϸ⪖ OS∆ Ƕკ ࣁ3.16 K ln ჹ
T

1
଺ van’t Hoff კǴ

җ௹౗ǵᄒຯளൂډᡏԾ่ӝޑ኱ྗ₲ OH∆ Ϸ኱ྗ⪖ OS∆ ϩձࣁ

-1molkJ   44.7- ᆶ -1-1KmolJ  102.4− ٠ӈ߄ܭ 3.4Ƕ 

    வ߄ 3.4ᢀჸǴ྽ྕࡋϲଯਔǴ཮٬Ծ่ӝѳᑽதኧ K ॶᡂλǴ

फ़եԾ่ӝ׎ޑԋǴӢԜዴᇡൂᡏԾ่ӝࣁ΋ᅿܫ዗ϸᔈǶҁჴᡍΨ

ճҔൂᡏǵᚈᡏϦԄ؃ளൂǵᚈᡏᕴ֎ԏࡋ౛ፕጕ mA ǵ dA Ǵ٠ஒჴᡍ

፾ှளޑډ mA ǵ dA ᆶ౛ፕॶ଺კǴӵკ 3.17ǵ3.18Ƕൂǵᚈᡏ౛ፕጕ

 ϦԄӵΠޑ

 

 

 1)81(

2
1/2

O

O
Om

m ++
=

Kc

ccε
A  

 
(3-3) 

 

 

 

)
1)81(

1)81(
(

2 1/2
O

1/2
O

O
Od

d ++
−+=

Kc

Kcccε
A   

(3-6) 
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    კ 3.17ǵ3.18ϩձൂࣁᡏᕴ֎ԏࡋ mA ჹคӢԛϯ B ࡋᕴᐚޑ Oc բ

კϷᚈᡏᕴ֎ԏࡋ dA ჹคӢԛϯ B ࡋᕴᐚޑ Oc բკǶ mA ౛ፕጕёҗޑ

Ԅ (3-3) ؃ளǴ dA  ؃ளǶ ౛ፕጕёҗԄ (3-6)ޑ
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კ 3.16  3,5-ΒҘ୷-2-Όㄽ୷㞓۪ࠗ҅ܭ₧ྋᏊύ van’t Hoff კǶԜ

ೀѳᑽதኧ K  ൳Ֆѳ֡ॶǶޑᚈᡏԾ่ӝதኧൂࣁ
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კ 3.17  3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋ۪҅ܭ₧ྋᏊύǴ mA ჹ Oc բკǶ

-) :ࣁϩձࡋѤಔྕځ -)288KǴ (- -)298KǴ(- -)308KǴ(-
-)318KǶ౛ፕጕёаҗϦԄ(3-3)ளډǶ 
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კ 3.18  3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋ۪҅ܭ₧ྋᏊύǴ dA ჹ Oc բკǶ

-) :ࣁϩձࡋѤಔྕځ -)288KǴ (- -)298KǴ(- -)308KǴ(-
-)318KǶ౛ፕጕёаҗϦԄ(3-6)ளډǶ 
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3.3.3  3,5-ΒҘ୷ΒҘ୷ΒҘ୷ΒҘ୷-2-Όㄽ୷㞓ࠗΌㄽ୷㞓ࠗΌㄽ୷㞓ࠗΌㄽ୷㞓ࠗྋܭᕉρ₧ྋనྋܭᕉρ₧ྋనྋܭᕉρ₧ྋనྋܭᕉρ₧ྋన 

    3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋܭᕉρ₧ྋనǴԜس಍ϩձӧ 15℃ǵ

25℃ǵ35℃Ϸ 45℃฻ѤঁόӕྕࡋΠ຾ՉჴᡍǶᐚࡋҗ molality (m)

ᙯඤࣁ morality (M)ࢂਥᏵ۪҅₧ӧόӕྕࡋΠޑஏୖࣁࡋԵኧᏵ 46 

(15℃Ǻ0.78202Ǵ25℃Ǻ0.77313Ǵ35℃Ǻ0.76409Ǵ45℃Ǻ0.75489 g mL-1)Ƕ

ကۓ m = (ྋ፦ವԸኧ/mol) / (ྋᏊख़ໆ/kg)ǴM = (ྋ፦ವԸኧ/mol) / 

(ྋనᡏᑈ/L)Ƕ(ᡏ୷ವԸᐚࡋ/M) = m× (ྋᏊख़ໆ/kg) / (ྋనᡏᑈ/L)Ǵ

ԶӧีᖓྋనύǴଷ೛ྋనᡏ୷ऊ฻ܭྋᏊᡏ୷ ǴӢԜځᙯඤϦԄ

M   ≈ m× (ྋᏊख़ໆ/kg) / (ྋᏊᡏ୷/L) = m×ྋᏊஏࡋ ρǶკ ࣁ3.19 15

℃ਔǴคӢԛϯ B ࣁϩձࡋଛ࿼ᐚޑ 0.0176ǵ0.0142ǵ0.0110ǵ0.0081

Ϸ 0.0045ਔྋ፦ޑ NH ୷ IR ֎ԏӀ᛼Ƕ 

    კ ࣁ3.20 15℃ਔǴคӢԛϯ B ࣁࡋଛ࿼ᐚޑ 0.0049ਔǴஒ NH

୷ޑ໩ԄൂᡏϷᚈᡏ֎ԏϐख़᠄೽ϩǴа Galatic рޑࠔ PeakSolve 

GRAMS32 AI೬ᡏǴ٠ճҔଯථ—മউ૟(Gauss-Lorentz) షӝ፾ှϩ

թԔጕϦԄ܌ϩᚆϐკ׎Ǵځύҗၨଯ֎ԏᓎ౗Կၨե֎ԏᓎ౗ϩձ

ᡏൂࣁ N-H ୷֎ԏঢ়Ϸᚈᡏ N-H ୷֎ԏঢ়Ƕ 

߄     3.5 ளϐൂᡏϷᚈᡏ܌ࡕࡋΠǴෳໆΜಔᐚࡋӧѤᅿόӕྕࣁ

 Ƕࡋനε֎ԏՏ࿼ǵъଯቨаϷᕴ֎ԏޑ
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კ 3.19  3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋܭᕉρ₧ྋᏊύǴӧ 15ʚਔ܌ෳ

ள N-H ୷ޑ IR Ӏ᛼კǶคӢԛϯ B Πϩډҗ΢ࡋଛ࿼ᐚޑ

ձ0.0176 :ࣁǵ0.0142ǵ0.0110ǵ0.0081ǵ 0.0049Ƕ 
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კ 3.20  3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋܭᕉρ₧ྋᏊύǴӧ 15ʚਔคӢ

ԛϯ B ޑ଺܌0.0049ਔ ࣁࡋଛ࿼ᐚޑ N-H ୷፾ှ᛼ጕǶ 
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ΠǴ3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋӧᕉρ₧ྋᏊύǴࡋӧόӕྕ  3.5߄

ਔǴൂᡏϷᚈᡏനε֎ԏՏ࿼ǵъଯቨϷࡋᐚۈᡂόӕଆׯ

ᕴ֎ԏࡋǶ 

 

T=15℃ 酚 ൂᡏ֎ԏঢ় 酚 ᚈᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

നε 
֎ԏՏ࿼ 

ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 ) ( cm-1 )  ( cm-1 ) 

0.0049 3447.3  7.8  12.5  3283.3  44.0  105.8  
0.0064 3447.4  7.8  14.6  3283.9  44.0  151.5  
0.0081 3447.3  7.8  16.8  3283.4  43.9  201.4  
0.0097 3447.4  7.8  18.7  3283.6  44.0  255.4  
0.0110 3447.3  7.8  20.3  3283.5  44.0  294.6  
0.0127 3447.2  7.9  22.0  3283.6  44.0  349.8  
0.0142 3447.3  7.9  23.7  3283.3  43.8  402.1  
0.0159 3447.4  7.9  25.3  3284.0  44.0  451.3  
0.0176 3447.4  7.9  27.0  3283.4  44.0  509.0  
0.0189 3447.4  8.0  28.2  3283.6  44.0  555.7  

 

T=25℃ 酚 ൂᡏ֎ԏঢ় 酚 ᚈᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

നε 
֎ԏՏ࿼ 

ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 ) ( cm-1 )  ( cm-1 ) 

0.0064 3447.6  8.0  17.8  3284.5  44.7  128.6  
0.0082 3447.7  8.0  20.5  3285.7  44.6  176.2  
0.0099 3447.7  8.0  22.6  3285.4  44.6  222.3  
0.0117 3447.7  8.0  25.3  3284.8  44.6  275.9  
0.0135 3447.6  8.1  28.6  3284.6  44.7  331.7  
0.0152 3447.7  8.1  30.6  3284.9  44.6  378.5  
0.0173 3447.6  8.1  32.8  3284.9  44.7  453.3  
0.0190 3447.7  8.0  35.0  3284.4  44.8  504.7  
0.0207 3447.6  8.2  36.3  3284.3  44.6  558.8  
0.0227 3447.7  8.3  38.4  3284.4  44.7  629.9  
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ௗុ߄ 3.5 

 
T=35℃ 酚 ൂᡏ֎ԏঢ় 酚 ᚈᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

നε 
֎ԏՏ࿼ 

ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 ) ( cm-1 )  ( cm-1 ) 

0.0065 3447.8  8.1  21.1  3286.3  45.8  103.4  
0.0081 3447.9  8.1  24.7  3286.3  45.5  140.9  
0.0097 3447.9  8.1  28.0  3285.8  45.6  180.6  
0.0115 3447.9  8.2  31.4  3286.2  45.5  227.0  
0.0137 3447.8  8.2  35.2  3286.2  45.4  286.1  
0.0151 3447.8  8.2  37.6  3286.0  45.4  324.7  
0.0170 3447.9  8.2  40.6  3286.1  45.5  378.2  
0.0183 3447.9  8.2  42.5  3286.1  45.5  415.4  
0.0201 3448.0  8.3  45.2  3286.8  45.6  467.7  
0.0223 3447.9  8.3  48.2  3286.3  45.6  532.7  

 
T=45℃ 酚 ൂᡏ֎ԏঢ় 酚 ᚈᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

നε 
֎ԏՏ࿼ 

ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 ) ( cm-1 )  ( cm-1 ) 

0.0056 3448.4  8.3  21.0  3286.1  46.9  63.4  
0.0073 3448.5  8.4  25.6  3287.0  46.4  94.4  
0.0092 3448.3  8.3  30.4  3286.9  46.4  132.3  
0.0107 3448.4  8.3  33.9  3287.4  46.4  164.1  
0.0127 3448.5  8.4  38.3  3287.2  46.5  208.5  
0.0144 3448.3  8.4  41.8  3287.6  46.4  247.7  
0.0162 3448.4  8.4  45.3  3286.9  46.4  290.6  
0.0181 3448.4  8.4  48.8  3287.1  46.3  336.9  
0.0199 3448.4  8.4  52.0  3287.2  46.4  382.0  
0.0217 3448.5  8.4  55.1  3287.6  46.5  428.6  
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    җܭϩηਁ୏ౢ܌ғޑ֎ԏӀ᛼ӧ਻ᄊ (gas phase) ᆶӧྋᏊރ

ᄊ (condensed phase) ΠԖ܌όӕǴӢԜϩηྋှܭόӕྋᏊس಍Πਔ

໪ԵቾྋᏊਏᔈǶਥᏵ KBM (Kirkwood-Bauer-Magat) ౛ፕ 47,48ёޕǴ

ճҔ IR Ӏ᛼ୀෳډ੝ૈ۔ۓ୷ਁ୏ᓎ౗Տ࿼ᆶྋᏊϟႝதኧޑᜢ߯

ࣁ
)12(
)1(oobs

+
−−ν=ν

D

D
C Ǵځύ obs

ν ୷നε֎ԏঢ়Տ࿼Ǵૈ۔ۓ੝ډᢀෳࣁ oν

നε֎ԏՏ࿼ǴCޑ୷ૈ۔ۓᄊਔ੝ރޜྋ፦ӧ੿ࣁ தኧǴDࣁ ྋࣁ

ᏊޑϟႝதኧǶ 

    ਥᏵપྋᏊϟႝதኧ߄ 49Ǵёаளډᕉρ₧ޑϟႝதኧୖԵኧᏵ

аϷس಍ܭѤᅿྕࡋΠޑϟႝதኧॶ(15℃Ǻ2.031Ǵ25℃Ǻ2.015Ǵ35

℃Ǻ1.999Ǵ45℃Ǻ1.983)ǶஒӧྋనΠᢀჸൂډᡏޑ N-H ୷՜ᕭਁ୏

ᓎ౗ obs
NHν ჹ

)12(

)1(

+
−

D

D
բጕ܄଑ᘜёளY = -173.6X + 3482.7Ǵ่ ݀ӵკ3.21

ࣁύᄒຯځҢǶ܌ 3482.7 cm-1ж߄Ѧකډ D = 1ރޑᄊǴջྋ፦ܭ੿

ᄊΠރޜ N-H ୷ޑ՜ᕭਁ୏ᓎ౗ 0
NHν Ƕ           

    җ߄ 3.5 سᡂǴஒׯࡋΠൂᡏനε՜ᕭਁ୏ᓎ౗όϼᒿᐚྕۓޕ

಍ྕࡋϩձࣁ 15℃ǵ25℃ǵ35℃Ϸ 45℃ਔൂޑᡏനε֎ԏᓎ౗Տ࿼଺

ѳ֡ǴЪஒѤঁྕࡋΠޑ
)12(

)1(

+
−

D

D
ॶ᏾౛ӵΠ 

 

ᕉρ₧ 15℃ 25℃ 35℃ 45℃ 

(D-1) / (2D+1) 0.2036 0.2018 0.1998 0.1979 

νm,obs / cm-1 3447.3 ± 0.1 3447.7 ± 0.2 3447.9 ± 0.1 3448.4 ± 0.2 
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ྋᏊޑϟႝதኧ཮ޑࡋྕڙቹៜǴ྽եྕਔځϟႝதኧεǶҗ Onsager50

౛ፕޕ྽ྋᏊϟႝதኧቚεǴ཮೷ԋྋᏊբҔܭྋ፦ޑϸᔈ൑ R  

(reaction field) ቚεǶЪޕϸᔈ൑բҔܭྋ፦೷ԋૈໆޑΠफ़ࣁ

ν∆== h    U µR/2 Ǵ µࣁྋ፦ޑଽཱུຯǴ ν∆ Տ౽Ƕޑ՜ᕭਁ୏ᓎ౗ࣁ ν∆ ё

Ңԋ߄  hµR/2 ǴӢԜྋᏊϟႝதኧຫεǴ߾R ຫεǴ೷ԋ՜ᕭਁ୏ᓎ౗

౽Տޑ ν∆ ΨຫεǶKBM 47,48а Onsagerޑ౛ፕ྽୷ᘵǴ௢ᏤрՏ౽Ϧ

ԄǴԶҗჴᡍ่݀ޑΨᆶ౛ፕ࣬಄Ǵᒿ๱ྋᏊϟႝதኧຫεځനε՜

ᕭਁ୏ᓎ౗Տ౽Ψ཮ቚεǶ     

    ᏾౛Ԅ (2-2) ٠ճҔКᅟۓ౛ஒԾ่ӝѳᑽதኧK ᏾౛ԋ 

 

 

 constant)(
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A
c

ε

ε

A
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c
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c

B

c

c
K

m

d

B

B  

 

 
 
(3-1) 

ςྕۓޕΠൂǵᚈᡏޑᕴವԸ֎ԏ߯ኧ mε ǵ dε ϷൂᡏԾ่ӝѳᑽதኧ

K ΠࡋྕۓڰǴӧޕ ॶǶӢԜҗԄ (3-1)ۓࣁ d
2 / AAm ΨۓࣁॶǴόᒿ

ࡋᐚۈ߃ Oc ࣁᡂǶӵკ3.22ׯ d
2 / AAm ჹۈ߃คӢԛϯBޑଛ࿼ᐚࡋ Oc ଺

კǶ 
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კ 3.21  3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋܭᕉρ₧ྋᏊύǴόӕྕࡋΠޑ

ൂᡏՏ౽ obs
NHν ჹ

12

1

+
−

D

D
բკǴځύ D  ϟႝதኧǶޑ₧ᕉρࣁ

0.006 0.012 0.018 0.024
0

2
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8

(A
m
)2 A

-1 d
 / 

cm
-2

c
O  

კ 3.22  3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋܭᕉρ₧ྋᏊύ d
2 / AAm ჹ Oc բკǶ

-) :ࣁϩձࡋѤಔྕځ -)288KǴ (- -)298KǴ(- -)308KǴ(-
-)318KǶ 
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    җԄ (2-13) ϷԄ (2-17) ள่݀ޑډӵΠ 

 

 

 

 O
m

m2O2
mm

O 1

)(

2

cε
A

cε

K

A

c +=  

 

 
(2-13) 
 

 

 
 O

d

1/2
dO

dd

O 2

 

1

cε
A

cεKA

c += −  
 
(2-17) 
 

     

ճҔԄ (2-13) ϷԄ (2-17) ёϩձ؃рൂᡏ֎ԏ߯ኧ mε ǵҗൂᡏ

ϦԄ؃рޑԾ่ӝѳᑽதኧ dK ′ǵᚈᡏ֎ԏ߯ኧ dε ϷҗᚈᡏϦԄ؃рޑ

Ծ่ӝѳᑽதኧ dK ǴЪҗൂᡏᆶᚈᡏளޑډԾ่ӝѳᑽதኧڗ൳Ֆѳ

֡Ǵ྽଺ჴᡍ܌ள،ۓॶǶ 

    კ ߄ճҔࣁ3.23 3.5ύࡋྕۓΠǴൂᡏӧ֎ԏ஥ޑᕴ֎ԏࡋ mA Ǵ

жΕൂᡏϦԄ  (2-13) Ǵа mO / Y Ac= ჹ mX A= բკǴёளډ௹౗

2O2
mm )( / 2 cεKP = Ǵᄒຯ O

mm  / 1 cεQ = Ƕ 

    კ 3.24ճҔᚈᡏϦԄǴஒ߄ 3.5ύࡋྕۓΠǴᚈᡏӧ֎ԏ஥ޑᕴ

֎ԏࡋжΕԄ (2-17) ύǴа dO / Y Ac= ჹ 1/2
dX −= A բკǴёளډ௹౗

O
dd   / 1 cεKP = Ǵᄒຯ O

dd  / 2 cεQ = Ƕ 
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კ 3.23  җϦԄ (2-13) ܌ளϐ 3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋܭᕉρ₧

ྋᏊύޑጕკǶځѤಔྕࡋϩձࣁ:(- -)288KǴ (- -)298KǴ
(- -)308KǴ(- -)318KǶ 
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კ 3.24  җϦԄ (2-17) ܌ளϐ 3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋܭᕉρ₧

ྋᏊύޑጕǶځѤಔྕࡋϩձࣁ:(- -)288KǴ (- -)298KǴ(-
-)308KǴ(- -)318KǶ 
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    җϦԄ (2-13) ϷϦԄ (2-17) ޑ௹౗ǵᄒຯǴёа؃ள዗ΚᏢୖ

ኧ mε ǵ dε ϷӀ᛼ୖኧ KǴஒځӈ߄ܭ 3.6ύǶஒόӕྕࡋΠԾ่ӝѳᑽ

தኧ K ॶ଺ van’t Hoff კǴ
R

1

R
 -   ln

OO S

T

H
K

∆+∆= Ǵа Y= K ln ჹ X=
T

1
 ଺

ጕ܄კǴளډ௹౗
R

 -
OH∆
Ϸᄒຯ

R

OS∆
ǴӢԜҗ௹౗ǵᄒຯёаϩձ؃р

ൂᚈᡏԾ่ӝޑ኱ྗ₲ OH∆ Ϸ⪖ OS∆ Ƕკ ࣁ3.25 K ln ჹ
T

1
଺ van’t Hoff 

კǴҗ௹౗ǵᄒຯளൂډᡏԾ่ӝޑ኱ྗ₲ OH∆ Ϸ኱ྗ⪖ OS∆ ϩձࣁ

-1molkJ   42.0- ᆶ -1-1KmolJ  99.4− ٠ӈ߄ܭ 3.6Ƕ 

    வ߄ 3.6ᢀჸǴ྽ྕࡋϲଯਔǴ཮٬Ծ่ӝѳᑽதኧ K ॶᡂλǴ

फ़եԾ่ӝ׎ޑԋǴӢԜዴᇡൂᡏԾ่ӝࣁ΋ᅿܫ዗ϸᔈǶҁჴᡍΨ

ճҔൂᡏǵᚈᡏϦԄ؃ளൂǵᚈᡏᕴ֎ԏࡋ౛ፕጕ mA ǵ dA Ǵ٠ஒჴᡍ

፾ှளޑډ mA ǵ dA ᆶ౛ፕॶ଺კǴӵკ 3.26ǵ3.27Ƕൂǵᚈᡏ౛ፕጕ

 ϦԄӵΠޑ

 

 

 1)81(

2
1/2

O

O
Om

m ++
=

Kc

ccε
A  

 
(3-3) 

 

 

 

)
1)81(

1)81(
(

2 1/2
O

1/2
O

O
Od

d ++
−+=

Kc

Kcccε
A   

(3-6) 
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    კ 3.26ǵ3.27ϩձൂࣁᡏᕴ֎ԏࡋ mA ჹคӢԛϯ B ࡋᕴᐚޑ Oc բ

კϷᚈᡏᕴ֎ԏࡋ dA ჹคӢԛϯ B ࡋᕴᐚޑ Oc բკǶ mA ౛ፕጕёҗޑ

Ԅ (3-3) ؃ளǴ dA  ؃ளǶ ౛ፕጕёҗԄ (3-6)ޑ
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კ 3.25  3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋܭᕉρ₧ྋᏊύ van’t Hoff კǶ

Ԝೀѳᑽதኧ K  ൳Ֆѳ֡ॶǶޑᚈᡏԾ่ӝதኧൂࣁ
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კ 3.26  3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋܭᕉρ₧ྋᏊύǴ mA ჹ Oc բკǶ

-) :ࣁϩձࡋѤಔځ -)288KǴ (- -)298KǴ(- -)308KǴ(-
-)318KǶ౛ፕጕёаҗϦԄ(3-3)ளډǶ 
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კ 3.27  3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋܭᕉρ₧ྋᏊύǴ dA ჹ Oc բკǶ

-) :ࣁϩձࡋѤಔྕځ -)288KǴ (- -)298KǴ(- -)308KǴ(-
-)318KǶ౛ፕጕёаҗϦԄ (3-6) ளډǶ 
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3.3.4  3,5-ΒҘ୷ΒҘ୷ΒҘ୷ΒҘ୷-2-Όㄽ୷Όㄽ୷Όㄽ୷Όㄽ୷㞓ࠗ㞓ࠗ㞓ࠗ㞓ࠗྋܭѤෛΌ౎ྋనྋܭѤෛΌ౎ྋనྋܭѤෛΌ౎ྋనྋܭѤෛΌ౎ྋన 

    3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋܭѤෛΌ౎ྋనǴԜس಍ϩձӧ15℃ǵ

25℃ǵ35℃Ϸ 45℃฻ѤঁόӕྕࡋΠ຾ՉჴᡍǶᐚࡋҗ molality (m)

ᙯඤࣁ morality (M)ࢂਥᏵ۪҅₧ӧόӕྕࡋΠޑஏୖࣁࡋԵኧᏵ 46 

(15℃Ǻ1.628Ǵ25℃Ǻ1.6132Ǵ35℃Ǻ1.5974Ǵ45℃Ǻ1.5815 g mL-1)Ƕ

ကۓ m = (ྋ፦ವԸኧ/mol) / (ྋᏊख़ໆ/kg)ǴM = (ྋ፦ವԸኧ/mol) / 

(ྋనᡏᑈ/L)Ƕ(ᡏ୷ವԸᐚࡋ/M) = m× (ྋᏊख़ໆ/kg) / (ྋనᡏᑈ/L)Ǵ

ԶӧีᖓྋనύǴଷ೛ྋనᡏ୷ऊ฻ܭྋᏊᡏ୷ ǴӢԜځᙯඤϦԄ

M   ≈ m× (ྋᏊख़ໆ/kg) / (ྋᏊᡏ୷/L) = m×ྋᏊஏࡋ ρǶკ ࣁ3.28 15

℃ਔǴคӢԛϯ B ࣁϩձࡋଛ࿼ᐚޑ 0.0196ǵ0.0162ǵ0.0129ǵ0.0093

Ϸ 0.0061ਔྋ፦ޑ NH ୷ IR ֎ԏӀ᛼Ƕ 

    კ ࣁ3.29 15℃ਔǴคӢԛϯ B ࣁࡋଛ࿼ᐚޑ 0.0146ਔǴஒ NH

୷ޑ໩ԄൂᡏϷᚈᡏ֎ԏϐख़᠄೽ϩǴа Galatic рޑࠔ PeakSolve 

GRAMS32 AI೬ᡏǴ٠ճҔଯථ—മউ૟(Gauss-Lorentz) షӝ፾ှϩ

թԔጕϦԄ܌ϩᚆϐკ׎Ǵځύҗၨଯ֎ԏᓎ౗Կၨե֎ԏᓎ౗ϩձ

ᡏൂࣁ N-H ୷֎ԏঢ়Ϸᚈᡏ N-H ୷֎ԏঢ়Ƕ 

߄     3.7 ளϐൂᡏϷᚈᡏ܌ࡕࡋΠǴෳໆΜಔᐚࡋӧѤᅿόӕྕࣁ

 Ƕࡋനε֎ԏՏ࿼ǵъଯቨаϷᕴ֎ԏޑ

 



96 
 

3500 3400 3300 3200
-0.2

0.0

0.2

0.4

0.6

A
bs

or
ba

nc
e

Wavenumber / cm-1

 

კ 3.28   3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋܭѤෛΌ౎ྋᏊύǴӧ 15 ʚਔ

ෳள܌ N-H ୷ޑ IR Ӏ᛼კǶคӢԛϯ B ډҗ΢ࡋଛ࿼ᐚޑ

Πϩձ0.0196 :ࣁ ǵ 0.0162 ǵ0.0129ǵ0.0093ǵ0.0061Ƕ 
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კ 3.29   3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋܭѤෛΌ౎ྋᏊύӧ 15ʚคӢ

ԛϯ B ࣁࡋଛ࿼ᐚޑ 0.0146ਔ܌଺ޑ N-H ୷፾ှ᛼ጕǶ 
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߄ 3.7  ӧόӕྕࡋΠǴ3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋྋӧѤෛΌ౎ྋ

ᏊύׯᡂόӕଆۈᐚࡋਔǴൂᡏϷᚈᡏനε֎ԏՏ࿼ǵъଯ

ቨϷᕴ֎ԏࡋǶ 

 

T=15℃ 酚 ൂᡏ֎ԏঢ় 酚 ᚈᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

നε 
֎ԏՏ࿼ 

ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 ) ( cm-1 )  ( cm-1 ) 

0.0061 3444.1  14.2  28.6  3281.5  49.0  78.2  
0.0078 3444.1  14.5  34.0  3281.6  49.0  116.0  
0.0093 3444.9  14.6  37.6  3282.3  48.8  145.2  
0.0112 3444.6  14.2  43.2  3281.6  49.3  188.3  
0.0129 3444.3  14.4  48.2  3281.5  49.3  237.4  
0.0146 3443.9  14.5  52.8  3281.2  49.0  271.0  
0.0162 3444.7  14.5  56.2  3281.7  49.2  311.0  
0.0179 3444.1  14.3  60.1  3281.2  49.5  352.2  
0.0196 3444.2  14.5  62.9  3281.0  49.3  397.9  
0.0214 3444.8  14.5  66.5  3281.4  49.5  442.1  

 

T=25℃ 酚 ൂᡏ֎ԏঢ় 酚 ᚈᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

നε 
֎ԏՏ࿼ 

ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 ) ( cm-1 )  ( cm-1 ) 

0.006 3444.6  14.0  28.5  3282.4  51.0  62.9  
0.0073 3444.6  14.1  33.3  3281.9  50.8  87.2  
0.0091 3444.4  14.2  38.1  3282.1  50.5  118.4  
0.0107 3444.3  14.0  43.2  3282.3  50.5  147.6  
0.0121 3444.3  14.1  46.1  3282.1  50.3  176.0  
0.0136 3444.4  14.2  50.2  3282.2  50.1  208.8  
0.0152 3445.0  14.1  55.4  3282.5  50.5  247.9  
0.0167 3444.3  14.1  60.1  3281.8  50.6  280.8  
0.0183 3444.5  14.0  63.2  3281.3  50.6  308.2  
0.0198 3444.9  14.2  66.6  3282.8  50.1  350.8  
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ௗុ߄ 3.7 

 
T=35℃ 酚 ൂᡏ֎ԏঢ় 酚 ᚈᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

നε 
֎ԏՏ࿼ 

ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 ) ( cm-1 )  ( cm-1 ) 

0.0062 3445.4  14.1  30.3  3284.1  51.6  52.5  
0.0081 3445.0  14.0  36.5  3283.9  51.3  80.3  
0.0100 3444.2  14.1  44.0  3283.0  51.4  114.1  
0.0116 3444.5  14.2  49.1  3283.3  50.9  142.1  
0.0135 3444.4  14.0  54.3  3283.0  51.2  171.6  
0.0154 3445.3  14.0  58.9  3283.9  51.4  206.7  
0.0171 3444.2  14.0  65.3  3282.7  51.4  244.6  
0.0190 3444.5  14.1  70.3  3282.8  51.5  280.4  
0.0207 3444.7  14.1  75.2  3282.9  51.6  318.4  
0.0229 3445.2  14.1  80.5  3283.4  51.5  362.9  

 
T=45℃ 酚 ൂᡏ֎ԏঢ় 酚 ᚈᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

നε 
֎ԏՏ࿼ 

ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 ) ( cm-1 )  ( cm-1 ) 

0.0061 3444.7  14.1  29.1  3284.8  52.7  30.6  
0.0079 3444.8  14.0  36.2  3284.0  53.1  47.4  
0.0093 3445.5  14.1  41.1  3285.2  52.6  60.6  
0.0108 3445.8  14.1  47.0  3285.0  52.9  77.3  
0.0124 3445.2  14.0  53.1  3284.9  52.7  101.9  
0.0140 3444.8  14.1  58.2  3284.1  52.5  128.1  
0.0156 3444.8  14.0  62.6  3284.4  52.5  144.9  
0.0171 3445.2  14.1  67.0  3284.8  52.4  167.9  
0.0186 3445.8  14.1  72.0  3285.2  52.4  181.2  
0.0203 3445.1  14.1  77.0  3284.9  52.2  206.8  
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    җܭϩηਁ୏ౢ܌ғޑ֎ԏӀ᛼ӧ਻ᄊ (gas phase) ᆶӧྋᏊރ

ᄊ (condensed phase) ΠԖ܌όӕǴӢԜϩηྋှܭόӕྋᏊس಍Πਔ

໪ԵቾྋᏊਏᔈǶਥᏵ KBM (Kirkwood-Bauer-Magat) ౛ፕ 47,48ёޕǴ

ճҔ IR Ӏ᛼ୀෳډ੝ૈ۔ۓ୷ਁ୏ᓎ౗Տ࿼ᆶྋᏊϟႝதኧޑᜢ߯

ࣁ
)12(
)1(oobs

+
−−ν=ν

D

D
C Ǵځύ obs

ν ୷നε֎ԏঢ়Տ࿼Ǵૈ۔ۓ੝ډᢀෳࣁ oν

നε֎ԏՏ࿼ǴCޑ୷ૈ۔ۓᄊਔ੝ރޜྋ፦ӧ੿ࣁ தኧǴDࣁ ྋࣁ

ᏊޑϟႝதኧǶ 

    ਥᏵપྋᏊϟႝதኧ߄ 49ǴёаளډѤෛΌ౎ޑϟႝதኧୖԵኧ

ᏵаϷس಍ܭѤᅿྕࡋΠޑϟႝதኧॶ(15 ℃Ǻ2.32Ǵ25 ℃Ǻ2.3Ǵ35 

℃Ǻ2.28Ǵ45 ℃Ǻ2.26)ǶஒӧྋనΠᢀჸൂډᡏޑ N-H ୷՜ᕭਁ୏ᓎ

౗ obs
NHν ჹ

)12(

)1(

+
−

D

D
բጕ܄଑ᘜёள Y = -138.3X + 3476.7Ǵ่݀ӵკ 3.30

ࣁύᄒຯځҢǶ܌ 3476.7 cm-1ж߄Ѧකډ D = 1ރޑᄊǴջྋ፦ܭ੿

ᄊΠރޜ N-H ୷ޑ՜ᕭਁ୏ᓎ౗ 0
NHν Ƕ           

    җ߄ 3.7 سᡂǴஒׯࡋΠൂᡏനε՜ᕭਁ୏ᓎ౗όϼᒿᐚྕۓޕ

಍ྕࡋϩձࣁ 15℃ǵ25℃ǵ35℃Ϸ 45℃ਔൂޑᡏനε֎ԏᓎ౗Տ࿼଺

ѳ֡ǴЪஒѤঁྕࡋΠޑ
)12(

)1(

+
−

D

D
ॶ᏾౛ӵΠ 

 

ѤෛΌ౎ 15℃ 25℃ 35℃ 45℃ 

(D-1) / (2D+1) 0.234 0.232 0.230 0.228 

νm,obs/cm-1 3444.4 ± 0.1 3444.5 ± 0.1 3444.7 ± 0.2 3445.2 ± 0.2 
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ྋᏊޑϟႝதኧ཮ޑࡋྕڙቹៜǴ྽եྕਔځϟႝதኧεǶҗ Onsager50

౛ፕޕ྽ྋᏊϟႝதኧቚεǴ཮೷ԋྋᏊբҔܭྋ፦ޑϸᔈ൑ R  

(reaction field) ቚεǶЪޕϸᔈ൑բҔܭྋ፦೷ԋૈໆޑΠफ़ࣁ

ν∆== h    U µR/2 Ǵ µࣁྋ፦ޑଽཱུຯǴ ν∆ Տ౽Ƕޑ՜ᕭਁ୏ᓎ౗ࣁ ν∆ ё

Ңԋ߄  hµR/2 ǴӢԜྋᏊϟႝதኧຫεǴ߾R ຫεǴ೷ԋ՜ᕭਁ୏ᓎ౗

౽Տޑ ν∆ ΨຫεǶKBM 47,48а Onsagerޑ౛ፕ྽୷ᘵǴ௢ᏤрՏ౽Ϧ

ԄǴԶҗჴᡍ่݀ޑΨᆶ౛ፕ࣬಄Ǵᒿ๱ྋᏊϟႝதኧຫεځനε՜

ᕭਁ୏ᓎ౗Տ౽Ψ཮ቚεǶ     

    ᏾౛Ԅ (2-2) ٠ճҔКᅟۓ౛ஒԾ่ӝѳᑽதኧK ᏾౛ԋ 

 

 

 constant)(
)

 

][
(

 

][
 

2
m

dO

d

2
m

2
2

O

O
2

2
2 ×====

A

A
c

ε

ε

A

A

c

B
c

B

c

c
K

m

d

B

B  

 

 
 
(3-1) 

ςྕۓޕΠൂǵᚈᡏޑᕴವԸ֎ԏ߯ኧ mε ǵ dε ϷൂᡏԾ่ӝѳᑽதኧ

K ΠࡋྕۓڰǴӧޕ ॶǶӢԜҗԄ (3-1)ۓࣁ d
2 / AAm ΨۓࣁॶǴόᒿ

ࡋᐚۈ߃ Oc ࣁᡂǶӵკ3.31ׯ d
2 / AAm ჹۈ߃คӢԛϯBޑଛ࿼ᐚࡋ Oc ଺

კǶ 
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0.228 0.230 0.232 0.234
3444.0

3444.3

3444.6

3444.9

3445.2

3445.5

3445.8
νob

s

N
H
 / 

cm
-1

(D-1) / (2D+1)
 

კ 3.30  3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋܭѤෛΌ౎ྋᏊύǴόӕྕࡋΠ

ൂᡏՏ౽ obs
NHν ჹ

12

1

+
−

D

D
բკǴځύ DࣁѤෛΌ౎ޑϟႝதኧǶ 

0.004 0.008 0.012 0.016 0.020 0.024
0

15

30

45

60

(A
m
)2 A

-1 d
 / 

cm
-2

c
O  

კ 3.31  3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋܭѤෛΌ౎ྋᏊύ d
2 / AAm ჹ Oc բ

კǶځѤಔྕࡋϩձࣁ: (- -)288KǴ (- -)298KǴ(- -)308KǴ
(- -)318KǶ 
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    җԄ (2-13) ϷԄ (2-17) ள่݀ޑډӵΠ 

 

 

 

 O
m

m2O2
mm

O 1

)(

2

cε
A

cε

K

A

c +=  

 

 
(2-13) 
 

 

 
 

O
d

1/2
dO

dd

O 2

 

1

cε
A

cεKA

c += −  
 
(2-17) 
 

     

ճҔԄ (2-13) ϷԄ (2-17) ёϩձ؃рൂᡏ֎ԏ߯ኧ mε ǵҗൂᡏϦԄ

؃рޑԾ่ӝѳᑽதኧ dK′ǵᚈᡏ֎ԏ߯ኧ dε ϷҗᚈᡏϦԄ؃рޑԾ่

ӝѳᑽதኧ dK ǴЪҗൂᡏᆶᚈᡏளޑډԾ่ӝѳᑽதኧڗ൳Ֆѳ֡Ǵ

྽଺ჴᡍ܌ள،ۓॶǶ 

    კ ߄ճҔࣁ3.32 3.7ύࡋྕۓΠǴൂᡏӧ֎ԏ஥ޑᕴ֎ԏࡋ mA Ǵ

жΕൂᡏϦԄ  (2-13) Ǵа mO / Y Ac= ჹ mX A= բკǴёளډ௹౗

2O2
mm )( / 2 cεKP = Ǵᄒຯ O

mm  / 1 cεQ = Ƕ 

    კ 3.33ճҔᚈᡏϦԄǴஒ߄ 3.7ύࡋྕۓΠǴᚈᡏӧ֎ԏ஥ޑᕴ

֎ԏࡋжΕԄ (2-17) ύǴа dO / Y Ac= ჹ 1/2
dX −= A բკǴёளډ௹౗

O
dd   / 1 cεKP = Ǵᄒຯ O

dd  / 2 cεQ = Ƕ 
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კ 3.32  җϦԄ (2-13) ܌ளϐ 3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋܭѤෛΌ

౎ྋᏊύޑጕ܄კǶځѤಔྕࡋϩձࣁ:(- -)288KǴ (-
-)298KǴ(- -)308KǴ(- -)318KǶ 

0.00 0.03 0.06 0.09 0.12 0.15 0.18
0.00000

0.00006

0.00012

0.00018

0.00024

0.00030

c O
A

d-1
 / 

cm
2

A
d

-1/2 / cm
 

კ 3.33  җϦԄ (2-17) ܌ளϐ 3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋܭѤෛΌ

౎ྋᏊύޑጕ܄კǶځѤಔྕࡋϩձࣁ:(- -)288KǴ (-
-)298KǴ(- -)308KǴ(- -)318KǶ 
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    җϦԄ (2-13) ϷϦԄ (2-17) ޑ௹౗ǵᄒຯǴёа؃ள዗ΚᏢୖ

ኧ mε ǵ dε ϷӀ᛼ୖኧ KǴஒځӈ߄ܭ 3.8ύǶ 

    ஒόӕྕࡋΠԾ่ӝѳᑽதኧ K ॶ଺ van’t Hoff კǴ

R

1

R
 -   ln

OO S

T

H
K

∆+∆= Ǵа Y= K ln ჹ X=
T

1
 ଺ጕ܄კǴளډ௹౗

R
 -

OH∆
Ϸ

ᄒຯ
R

OS∆
ǴӢԜҗ௹౗ǵᄒຯёаϩձ؃рൂᚈᡏԾ่ӝޑ኱ྗ₲ OH∆

Ϸ⪖ OS∆ Ƕკ ࣁ3.34 K ln ჹ
T

1
଺ van’t Hoff კǴҗ௹౗ǵᄒຯளൂډᡏ

Ծ่ӝޑ኱ྗ₲ OH∆ Ϸ኱ྗ⪖ OS∆ ϩձࣁ -1molkJ   34.9- ᆶ -1-1KmolJ  83.5−

٠ӈ߄ܭ 3.8Ƕ 

    வ߄ 3.8ᢀჸǴ྽ྕࡋϲଯਔǴ཮٬Ծ่ӝѳᑽதኧ K ॶᡂλǴ

फ़եԾ่ӝ׎ޑԋǴӢԜዴᇡൂᡏԾ่ӝࣁ΋ᅿܫ዗ϸᔈǶҁჴᡍΨ

ճҔൂᡏǵᚈᡏϦԄ؃ளൂǵᚈᡏᕴ֎ԏࡋ౛ፕጕ mA ǵ dA Ǵ٠ஒჴᡍ

፾ှளޑډ mA ǵ dA ᆶ౛ፕॶ଺კǴӵკ 3.35ǵ3.36Ƕൂǵᚈᡏ౛ፕጕ

 ϦԄӵΠޑ

 

 

 1)81(

2
1/2

O

O
Om

m ++
=

Kc

ccε
A  

 
(3-3) 

 

 

 

)
1)81(

1)81(
(

2 1/2
O

1/2
O

O
Od

d ++
−+=

Kc

Kcccε
A   

(3-6) 
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კ ࡋᡏᕴ֎ԏൂࣁ3.35 mA ჹคӢԛϯ B ࡋᕴᐚޑ Oc բკǴ mA ౛ፕጕޑ

ёҗԄ (3-3) ؃ளǶკ ࡋᚈᡏᕴ֎ԏࣁ3.36 dA ჹคӢԛϯ B ࡋᕴᐚޑ

Oc բკǴ dA  ؃ளǶ ౛ፕጕёҗԄ (3-6)ޑ
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კ 3.34  3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋܭѤෛΌ౎ྋᏊύ van’t Hoff კǶ

Ԝೀѳᑽதኧ K  ൳Ֆѳ֡ॶǶޑᚈᡏԾ่ӝதኧൂࣁ
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კ3.35   3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗܭѤෛΌ౎ྋᏊύǴ mA ჹ Oc բკǶ

-) :ࣁϩձࡋѤಔྕځ -)288KǴ (- -)298KǴ(- -)308KǴ(-
-)318KǶ౛ፕጕёаҗϦԄ (3-3) ளډǶ 
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კ 3.36   3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋܭѤෛΌ౎ྋᏊύǴ dA ჹ

O
c բ

კǶځѤಔྕࡋϩձࣁ: (- -)288KǴ (- -)298KǴ(- -)308KǴ 
(- -)318KǶ౛ፕጕёаҗϦԄ (3-6) ளډǶ 
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3.3.5  3,5-ΒҘ୷ΒҘ୷ΒҘ୷ΒҘ୷-2-Όㄽ୷Όㄽ୷Όㄽ୷Όㄽ୷ྋܭΟෛΌ౎ྋనྋܭΟෛΌ౎ྋనྋܭΟෛΌ౎ྋనྋܭΟෛΌ౎ྋన 

    3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋܭΟෛΌ౎ྋనǴԜس಍ϩձӧ15℃ǵ

25℃ǵ35℃Ϸ 45℃฻ѤঁόӕྕࡋΠ຾ՉჴᡍǶᐚࡋҗ molality (m)

ᙯඤࣁ morality (M) ࢂਥᏵ۪҅₧ӧόӕྕࡋΠޑஏୖࣁࡋԵኧᏵ 46 

(15℃Ǻ1.474Ǵ25℃Ǻ1.458Ǵ35℃Ǻ1.442Ǵ45℃Ǻ1.426 g mL-1)Ƕۓက

m = (ྋ፦ವԸኧ/mol) / (ྋᏊख़ໆ/kg)ǴM = (ྋ፦ವԸኧ/mol) / (ྋనᡏ

ᑈ/L)Ƕ(ᡏ୷ವԸᐚࡋ/M) = m× (ྋᏊख़ໆ/kg) / (ྋనᡏᑈ/L)ǴԶӧี

ᖓྋనύǴଷ೛ྋనᡏ୷ऊ฻ܭྋᏊᡏ୷ ǴӢԜځᙯඤϦԄ M   ≈ m×

(ྋᏊख़ໆ/kg) / (ྋᏊᡏ୷/L) = m×ྋᏊஏࡋ ρǶკ ࣁ3.37 15℃ਔǴค

Ӣԛϯ B ࣁϩձࡋଛ࿼ᐚޑ 0.0196ǵ0.0163ǵ0.0132ǵ0.0100Ϸ 0.0067

ਔྋ፦ޑ NH ୷ IR ֎ԏӀ᛼Ƕ 

    კ ࣁ3.38 15℃ਔǴคӢԛϯ B ࣁࡋଛ࿼ᐚޑ 0.0067ਔǴஒ NH

୷ޑ໩ԄൂᡏϷᚈᡏ֎ԏϐख़᠄೽ϩǴа Galatic рޑࠔ PeakSolve 

GRAMS32 AI೬ᡏǴ٠ճҔଯථ—മউ૟(Gauss-Lorentz) షӝ፾ှϩ

թԔጕϦԄ܌ϩᚆϐკ׎Ǵځύҗၨଯ֎ԏᓎ౗Կၨե֎ԏᓎ౗ϩձ

ᡏൂࣁ N-H ୷֎ԏঢ়Ϸᚈᡏ N-H ୷֎ԏঢ়Ƕ 

߄     3.9 ளϐൂᡏϷᚈᡏ܌ࡕࡋΠǴෳໆΜಔᐚࡋӧѤᅿόӕྕࣁ

 Ƕࡋനε֎ԏՏ࿼ǵъଯቨаϷᕴ֎ԏޑ
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კ 3.37   3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋܭΟෛΌ౎ྋᏊύǴӧ 15ʚਔ

ෳள܌ N-H ୷ޑ IR Ӏ᛼კǶคӢԛϯ B ډҗ΢ࡋଛ࿼ᐚޑ

Πϩձ0.0196 :ࣁǵ0.0163ǵ0.0132ǵ0.0100Ϸ 0.0067Ƕ 
 

3500 3400 3300 3200

0.0

0.1

0.2

0.3

A
bs

or
ba

nc
e

Wavenumber / cm-1

 

კ 3.38   3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗܭΟෛΌ౎ྋᏊύӧ 15ʚคӢԛ

ϯ B ࣁࡋଛ࿼ᐚޑ 0.0067ਔ܌଺ޑ N-H ୷፾ှ᛼ጕǶ 



111 
 

߄ 3.9  ӧόӕྕࡋΠǴ3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋӧΟෛΌ౎ྋᏊ

ύǴׯᡂόӕଆۈᐚࡋਔǴൂᡏϷᚈᡏനε֎ԏՏ࿼ǵъଯ

ቨϷᕴ֎ԏࡋǶ 

 

T=15℃ 酚 ൂᡏ֎ԏঢ় 酚 ᚈᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

നε 
֎ԏՏ࿼ 

ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 ) ( cm-1 )  ( cm-1 ) 

0.0067 3442.9 21.8  46.5  3284.4  74.3  30.4  
0.0083 3443.2 21.9  56.6  3285.5  73.1  44.6  
0.0100 3443.0 21.8  66.0  3285.3  71.5  60.0  
0.0115 3443.5 21.8  74.4  3283.2  68.9  80.5  
0.0132 3443.0 21.7  81.4  3283.4  69.8  96.0  
0.0147 3443.2 21.8  88.9  3283.9  68.9  118.8  
0.0163 3443.1 21.7  97.5  3282.7  69.8  134.4  
0.0179 3443.1 21.8  105.2  3282.8  68.9  162.4  
0.0196 3443.1 21.8  113.3  3282.6  68.5  180.0  
0.0210 3443.4 21.9  120.7  3283.1  68.9  203.3  

 

T=25℃ 酚 ൂᡏ֎ԏঢ় 酚 ᚈᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

നε 
֎ԏՏ࿼ 

ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 ) ( cm-1 )  ( cm-1 ) 

0.0062 3444.0 21.7  45.0  3285.0  72.5  21.3  
0.0078 3443.8 21.7  55.4  3284.2  69.0  31.1  
0.0094 3444.0 21.6  65.6  3284.8  66.5  44.5  
0.0109 3443.6 21.5  75.4  3284.6  66.6  56.2  
0.0125 3443.6 21.5  84.5  3284.2  65.7  68.3  
0.014 3443.8 21.6  93.2  3284.6  66.6  86.4  
0.0156 3443.8 21.7  102.1  3284.5  65.8  101.7  
0.017 3443.4 21.5  109.4  3284.6  66.5  124.3  
0.0201 3443.9 21.6  125.4  3285.1  65.8  169.1  
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ௗុ߄ 3.9 

 
T=35℃ 酚 ൂᡏ֎ԏঢ় 酚 ᚈᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

നε 
֎ԏՏ࿼ 

ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 ) ( cm-1 )  ( cm-1 ) 

0.0054 3444.3 21.2  40.3  3287.5  74.3  9.6  

0.0068 3444.4 21.2  50.0  3286.4  72.0  15.5  

0.0082 3443.5 20.9  59.0  3283.8  70.0  21.3  

0.0096 3443.9 20.9  68.0  3284.7  70.0  28.9  

0.0109 3444.4 20.8  77.1  3284.4  70.1  34.2  

0.0123 3443.9 21.1  85.2  3285.5  69.2  42.7  

0.0137 3444.1 21.1  94.1  3285.4  68.8  54.2  

0.0151 3444.5 21.0  103.1  3284.9  68.8  66.9  

0.0164 3443.9 21.1  111.4  3285.4  69.4  76.8  

0.0178 3444.4 20.9  120.1  3285.3  69.1  86.8  

 
 
 

T=45℃ 酚 ൂᡏ֎ԏঢ় 酚 ᚈᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

നε 
֎ԏՏ࿼ 

ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 ) ( cm-1 )  ( cm-1 ) 

0.0059 3444.3 21.2  43.5  3289.7  74.6  8.0  
0.0074 3445.0 21.2  54.1  3288.3  72.5  11.7  
0.0088 3444.7 21.2  63.8  3287.4  72.1  15.9  
0.0102 3444.4 21.2  73.6  3287.4  69.6  22.2  
0.0116 3444.2 21.2  82.4  3287.0  70.8  28.5  
0.0131 3444.7 21.2  92.1  3286.9  71.9  37.9  
0.0145 3444.5 21.2  102.0  3286.7  69.7  43.4  
0.0160 3444.6 21.4  111.2  3287.5  71.6  50.4  
0.0174 3444.7 21.3  119.9  3286.6  71.1  56.1  
0.0187 3444.6 21.1  127.8  3286.1  68.4  67.0  
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    җܭϩηਁ୏ౢ܌ғޑ֎ԏӀ᛼ӧ਻ᄊ (gas phase) ᆶӧྋᏊރ

ᄊ (condensed phase) ΠԖ܌όӕǴӢԜϩηྋှܭόӕྋᏊس಍Πਔ

໪ԵቾྋᏊਏᔈǶਥᏵ KBM (Kirkwood-Bauer-Magat) ౛ፕ 47,48ёޕǴ

ճҔ IR Ӏ᛼ୀෳډ੝ૈ۔ۓ୷ਁ୏ᓎ౗Տ࿼ᆶྋᏊϟႝதኧޑᜢ߯

ࣁ
)12(
)1(oobs

+
−−ν=ν

D

D
C Ǵځύ obs

ν ୷നε֎ԏঢ়Տ࿼Ǵૈ۔ۓ੝ډᢀෳࣁ oν

നε֎ԏՏ࿼ǴCޑ୷ૈ۔ۓᄊਔ੝ރޜྋ፦ӧ੿ࣁ தኧǴDࣁ ྋࣁ

ᏊޑϟႝதኧǶ 

    ਥᏵપྋᏊϟႝதኧ߄ 49ǴёаளډΟෛΌ౎ޑϟႝதኧୖԵኧ

ᏵаϷس಍ܭѤᅿྕࡋΠޑϟႝதኧॶ(15 ℃Ǻ3.4224Ǵ25 ℃Ǻ3.3984Ǵ

35 ℃Ǻ3.3744Ǵ45 ℃Ǻ3.3504)ǶஒӧྋనΠᢀჸൂډᡏޑ N-H ୷՜

ᕭਁ୏ᓎ౗ obs
NHν ჹ

)12(

)1(

+
−

D

D
բጕ܄଑ᘜёள Y = -390.7X + 3563.9Ǵ่݀

ӵკ ࣁύᄒຯځҢǶ܌3.39 3563.9 cm-1ж߄Ѧකډ D = 1ރޑᄊǴջ

ྋ፦ܭ੿ރޜᄊΠ N-H ୷ޑ՜ᕭਁ୏ᓎ౗ 0
NHν Ƕ           

߄     3.9 ಍سᡂǴஒׯࡋΠൂᡏനε՜ᕭਁ୏ᓎ౗όϼᒿᐚྕۓޕ

ࣁϩձࡋྕ 15℃ǵ25℃ǵ35℃Ϸ 45℃ਔൂޑᡏനε֎ԏᓎ౗Տ࿼଺ѳ

֡ǴЪஒѤঁྕࡋΠޑ
)12(

)1(

+
−

D

D
ॶ᏾౛ӵΠ 

 

ΟෛΌ౎ 15℃ 25℃ 35℃ 45℃ 

(D-1) / (2D+1) 0.30879 0.3076 0.3064 0.3052 

νm,obs / cm-1 3443.1 ± 0.2 3443.7 ± 0.1 3444.1 ± 0.2 3444.6 ± 0.02 
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ྋᏊޑϟႝதኧ཮ޑࡋྕڙቹៜǴ྽եྕਔځϟႝதኧεǶҗ Onsager50

౛ፕޕ྽ྋᏊϟႝதኧቚεǴ཮೷ԋྋᏊբҔܭྋ፦ޑϸᔈ൑ R  

(reaction field) ቚεǶЪޕϸᔈ൑բҔܭྋ፦೷ԋૈໆޑΠफ़ࣁ

ν∆== h    U µR/2 Ǵ µࣁྋ፦ޑଽཱུຯǴ ν∆ Տ౽Ƕޑ՜ᕭਁ୏ᓎ౗ࣁ ν∆ ё

Ңԋ߄  hµR/2 ǴӢԜྋᏊϟႝதኧຫεǴ߾R ຫεǴ೷ԋ՜ᕭਁ୏ᓎ౗

౽Տޑ ν∆ ΨຫεǶKBM 47,48а Onsagerޑ౛ፕ྽୷ᘵǴ௢ᏤрՏ౽Ϧ

ԄǴԶҗჴᡍ่݀ޑΨᆶ౛ፕ࣬಄Ǵᒿ๱ྋᏊϟႝதኧຫεځനε՜

ᕭਁ୏ᓎ౗Տ౽Ψ཮ቚεǶ     

    ᏾౛Ԅ (2-2) ٠ճҔКᅟۓ౛ஒԾ่ӝѳᑽதኧK ᏾౛ԋ 

 

 

 constant)(
)

 

][
(

 

][
 

2
m

dO

d

2
m

2
2

O

O
2

2
2 ×====

A

A
c

ε

ε

A

A

c

B
c

B

c

c
K

m

d

B

B  

 

 
 
(3-1) 

ςྕۓޕΠൂǵᚈᡏޑᕴವԸ֎ԏ߯ኧ mε ǵ dε ϷൂᡏԾ่ӝѳᑽதኧ

K ΠࡋྕۓڰǴӧޕ ॶǶӢԜҗԄ (3-1)ۓࣁ d
2 / AAm ΨۓࣁॶǴόᒿ

ࡋᐚۈ߃ Oc ࣁᡂǶӵკ3.40ׯ d
2 / AAm ჹۈ߃คӢԛϯBޑଛ࿼ᐚࡋ Oc ଺

კǶ 
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0.3048 0.3056 0.3064 0.3072 0.3080 0.3088

3442.8

3443.2

3443.6

3444.0

3444.4

3444.8

3445.2

νob
s

N
H
 / 

cm
-1

(D-1) / (2D+1)
 

კ 3.39  3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋܭΟෛΌ౎ྋᏊύǴόӕྕࡋΠ

ൂᡏՏ౽ obs
NHν ჹ

12

1

+
−

D

D
բკǴD  ϟႝதኧǶޑΟෛΌ౎ࣁ

0.004 0.008 0.012 0.016 0.020
0

100

200

300

400

500

A
2 m
A

-1 d
 / 

cm
-2

 

c
O  

კ 3.40  3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋܭΟෛΌ౎ྋᏊύ d
2 / AAm ჹ Oc բ

კǶځѤಔྕࡋϩձࣁ: (- -)288KǴ(- -)298KǴ(- -)308KǴ
(- -)318KǶ 
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    җԄ (2-13) ϷԄ (2-17) ள่݀ޑډӵΠ 

 

 

 

 O
m

m2O2
mm

O 1

)(

2

cε
A

cε

K

A

c +=  

 

 
(2-13) 
 

 

 
 

O
d

1/2
dO

dd

O 2

 

1

cε
A

cεKA

c += −  
 
(2-17) 
 

 

ճҔԄ (2-13) ϷԄ (2-17) ёϩձ؃рൂᡏ֎ԏ߯ኧ mε ǵҗൂᡏϦԄ

؃рޑԾ่ӝѳᑽதኧ dK′ǵᚈᡏ֎ԏ߯ኧ dε ϷҗᚈᡏϦԄ؃рޑԾ่

ӝѳᑽதኧ dK ǴЪҗൂᡏᆶᚈᡏளޑډԾ่ӝѳᑽதኧڗ൳Ֆѳ֡Ǵ

྽଺ჴᡍ܌ள،ۓॶǶ 

 

    კ ߄ճҔࣁ3.41 3.9ύࡋྕۓΠǴൂᡏӧ֎ԏ஥ޑᕴ֎ԏࡋ mA Ǵ

жΕൂᡏϦԄ  (2-13) Ǵа mO / Y Ac= ჹ mX A= բკǴёளډ௹౗

2O2
mm )( / 2 cεKP = Ǵᄒຯ O

mm  / 1 cεQ = Ƕ 

    კ 3.42ճҔᚈᡏϦԄǴஒ߄ 3.9ύࡋྕۓΠǴᚈᡏӧ֎ԏ஥ޑᕴ

֎ԏࡋжΕԄ (2-17) ύǴа dO / Y Ac= ჹ 1/2
dX −= A բკǴёளډ௹౗

O
dd   / 1 cεKP = Ǵᄒຯ O

dd  / 2 cεQ = Ƕ 
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A
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კ 3.41  җϦԄ (2-13) ܌ளϐ 3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋܭΟෛΌ

౎ྋᏊύޑጕ܄კǶځѤಔྕࡋϩձࣁ:(- -)288KǴ (-
-)298KǴ (- -)308KǴ(- -)318KǶ 

0.00 0.06 0.12 0.18 0.24 0.30 0.36
0.0000

0.0002

0.0004

0.0006

0.0008

0.0010

c O
A

d-1
 / 

cm
2

A
d

-1/2 / cm  

კ 3.42  җϦԄ (2-17) ܌ளϐ 3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋܭΟෛΌ

౎ྋᏊύޑጕ܄კǶځѤಔྕࡋϩձࣁ:(- -)288KǴ (-
-)298KǴ(- -)308KǴ(- -)318KǶ 
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    җϦԄ (2-13) ϷϦԄ (2-17) ޑ௹౗ǵᄒຯǴёа؃ள዗ΚᏢୖ

ኧ mε ǵ dε ϷӀ᛼ୖኧ KǴஒځӈ߄ܭ 3.10ύǶ 

    ஒόӕྕࡋΠԾ่ӝѳᑽதኧ K ॶ଺ van’t Hoff კǴ

R

1

R
 -   ln

OO S

T

H
K

∆+∆= Ǵа Y= K ln ჹ X=
T

1
 ଺ጕ܄კǴளډ௹౗

R
 -

OH∆
Ϸ

ᄒຯ
R

OS∆
ǴӢԜҗ௹౗ǵᄒຯёаϩձ؃рൂᚈᡏԾ่ӝޑ኱ྗ₲ OH∆

Ϸ⪖ OS∆ Ƕკ ࣁ3.43 K ln ჹ
T

1
଺ van’t Hoff კǴҗ௹౗ǵᄒຯளൂډᡏ

Ծ่ӝޑ኱ྗ₲ OH∆ Ϸ኱ྗ⪖ OS∆ ϩձࣁ -1molkJ   33.5- ᆶ -1-1KmolJ  94.1−

٠ӈ߄ܭ 3.10Ƕ 

    வ߄ 3.10ᢀჸǴ྽ྕࡋϲଯਔǴ཮٬Ծ่ӝѳᑽதኧ K ॶᡂλǴ

फ़եԾ่ӝ׎ޑԋǴӢԜዴᇡൂᡏԾ่ӝࣁ΋ᅿܫ዗ϸᔈǶҁჴᡍΨ

ճҔൂᡏǵᚈᡏϦԄ؃ளൂǵᚈᡏᕴ֎ԏࡋ౛ፕጕ mA ǵ dA Ǵ٠ஒჴᡍ

፾ှளޑډ mA ǵ dA ᆶ౛ፕॶ଺კǴӵკ 3.44ǵ3.45Ƕൂǵᚈᡏ౛ፕጕ

 ϦԄӵΠޑ

 

 

 1)81(

2
1/2

O

O
Om

m ++
=

Kc

ccε
A  

 
(3-3) 

 

 

 

)
1)81(

1)81(
(

2 1/2
O

1/2
O

O
Od

d ++
−+=

Kc

Kcccε
A   

(3-6) 
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კ ࡋᡏᕴ֎ԏൂࣁ3.44 mA ჹคӢԛϯ B ࡋᕴᐚޑ Oc բკǴ mA ౛ፕጕޑ

ёҗԄ (3-3) ؃ளǶკ ࡋᚈᡏᕴ֎ԏࣁ3.45 dA ჹคӢԛϯ B ࡋᕴᐚޑ

Oc բკǴ dA  ؃ளǶ ౛ፕጕёҗԄ (3-6)ޑ
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კ 3.43  3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋܭΟෛΌ౎ྋᏊύ van’t Hoff კǶ

Ԝೀѳᑽኧ K  ൳Ֆѳ֡ॶǶޑᚈᡏԾ่ӝதኧൂࣁ
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კ 3.44  3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋܭΟෛΌ౎ྋᏊύǴ mA ჹ Oc բკǶ

-) :ࣁϩձࡋѤಔྕځ -)288KǴ (- -)298KǴ(- -)308KǴ (-
-)318KǶ౛ፕጕёаҗϦԄ (3-3) ளډǶ 
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კ3.45  3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋܭΟෛΌ౎ྋᏊύǴ dA ჹ Oc բკǶ

-) :ࣁϩձࡋѤಔྕځ -)288KǴ (- -)298KǴ(- -)308KǴ(-
-)318KǶ౛ፕጕёаҗϦԄ (3-6) ளډǶ 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



122 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

K
=

 (
K

dK
´ d

)1/
2  

1
3

.7
 ±

 0
.7

 

9
.4

 ±
 0

.3
 

5
.5

 ±
 0

.2
 

3
.8

 ±
 0

.1
 

ൂ
ᚈ

ᡏ
Ծ
่

ӝ
ϐ
኱
ྗ

₲
∆H

o  / 
kJ

 m
o

l-1
 =

 -
3

3
.5

 ±
 1

.8
 

ൂ
ᚈ

ᡏ
Ծ
่

ӝ
ϐ
኱
ྗ

⪖
∆S

o  / 
J 

m
ol-1

K
-1

 =
 -

94
.1

 ±
 6

.0
 

፾
ှ

ᚈ
ᡏ
֎

ԏ
ࡋ
܌
؃

ϐ
ॶ

 

ε d
 / 

Lc
m

-2
 m

o
l-1

 

6
91

0
4

.0
 ±

 4
5

0
.4

 

6
72

2
5

.1
 ±

 8
4

6
.1

 

6
55

1
4

.3
 ±

 5
8

5
.8

 

6
36

9
4

.3
 ±

 1
8

36
.9  

ѳ
ᑽ

த
ኧ

K
d 

1
3

.1
 ±

 0
.4

 

1
0

.0
 ±

 0
.4

 

5
.7

 ±
 0

.1
 

3
.8

 ±
 0

.1
 

፾
ှ

ൂ
ᡏ
֎

ԏ
ࡋ
܌
؃

ϐ
ॶ

 

ε m
 /  

Lc
m

-2
 m

ol
-1
 

8
10

2
.6

 ±
 1

5
.2

 

8
00

8
.7

 ±
 4

7
.1

 

7
80

6
.7

 ±
 5

4
.9

 

7
69

8
.4

 ±
 2

8
.0

 

ѳ
ᑽ

த
ኧ

K
´ d

 

 1
4

.5
 ±

 0
.9

 

8
.9

 ±
 0

.2
 

5
.4

 ±
 0

.3
 

3
.8

 ±
 0

.2
 

 

ྕ
ࡋ

 

1
5ʚ

 

2
5ʚ

 

3
5ʚ

 

 
4

5ʚ
 

߄
3

.1
0

  
 3

,5
-Β
Ҙ
୷

-2
-Ό

ㄽ
୷
㞓

ࠗ
ྋ
ܭ

Ο
ෛ

Ό
౎

ྋ
Ꮚ
ύ
Ǵ
ӧ

ό
ӕ

ྕ
ࡋ

Π
܌
؃

ள
ޕ

ൂ
ᡏ

ᕴ
ವ
Ը
֎

ԏ
߯

ኧ
ε m
ǵ
ᚈ

ᡏ
ᕴ

ವ
Ը
֎

ԏ
߯

ኧ
ε d
ǵ
ൂ

ᡏ
Ծ

่
ӝ
ѳ

ᑽ
த

ኧ
K
Ǵ
а

Ϸ
җ

ό
ӕ
ྕ

ࡋ
Π

ϐ
ѳ

ᑽ
த
ኧ
բ

va
n’ t H

o
ff
܌

؃
ள
ޑ

ൂ
ᚈ

ᡏ
Ծ
่

ӝ
ϐ
኱
ྗ

₲
∆

H
o
Ϸ

኱
ྗ

⪖
∆

So Ƕ
 

 



123 
 

3.4 IR ჴᡍ೽ϩჴᡍ೽ϩჴᡍ೽ϩჴᡍ೽ϩ: ൂൂൂൂǵǵǵǵᚈᡏၲѳᑽᒿՔᄬࠠᙯඤѳᑽᚈᡏၲѳᑽᒿՔᄬࠠᙯඤѳᑽᚈᡏၲѳᑽᒿՔᄬࠠᙯඤѳᑽᚈᡏၲѳᑽᒿՔᄬࠠᙯඤѳᑽ 

3.4.1   3,5-ΒҘ୷ΒҘ୷ΒҘ୷ΒҘ୷-1H-㞓ࠗ㞓ࠗ㞓ࠗ㞓ࠗ-2-ҘለΌ✊ҘለΌ✊ҘለΌ✊ҘለΌ✊ྋٌ҅ܭ₧ྋనྋٌ҅ܭ₧ྋనྋٌ҅ܭ₧ྋనྋٌ҅ܭ₧ྋన 

    Ԝس಍ϩձӧ 15℃ǵ25℃ǵ35℃Ϸ 45℃฻ѤঁόӕྕࡋΠ຾Չჴ

ᡍǶᐚࡋҗ molality (m) ᙯඤࣁ morality (M) ࢂਥᏵٌ҅₧ӧόӕྕ

ԵኧᏵୖࣁࡋஏޑΠࡋ 41(15℃Ǻ0.7067Ǵ25℃Ǻ0.6991Ǵ35℃Ǻ0.6914Ǵ

45℃Ǻ0.6835 g mL-1)Ƕۓက m = (ྋ፦ವԸኧ/mol) / (ྋᏊख़ໆ/kg)ǴM = 

(ྋ፦ವԸኧ/mol) / (ྋనᡏᑈ/L)Ƕ(ᡏ୷ವԸᐚࡋ/M) = m× (ྋᏊख़ໆ

/kg) / (ྋనᡏᑈ/L)ǴԶӧีᖓྋనύǴଷ೛ྋనᡏ୷ऊ฻ܭྋᏊᡏ୷ Ǵ

ӢԜځᙯඤϦԄM   ≈ m× (ྋᏊख़ໆ/kg) / (ྋᏊᡏ୷/L) = m×ྋᏊஏࡋ ρǶ

კ ࣁ3.46 15 ℃ਔǴคӢԛϯྋ፦ޑଛ࿼ᐚࡋϩձࣁ 0.0192ǵ0.0159ǵ

0.0128ǵ0.0093Ϸ 0.0059ਔྋ፦ޑ NH ୷ IR ֎ԏӀ᛼Ƕ 

    კ 3.47 ࣁ 15 ℃ਔǴคӢԛϯྋ፦ޑଛ࿼ᐚࣁࡋ 0.0159ਔǴஒ

NH ୷ޑ໩ԄൂᡏǵϸԄൂᡏϷᚈᡏ֎ԏϐख़᠄೽ϩǴа Galaticрࠔ

ޑ PeakSolve GRAMS32 AI೬ᡏǴճҔଯථ—മউ૟(Gauss-Lorentz)ష

ӝ፾ှϩթԔጕϦԄ܌ϩᚆϐკ׎Ƕځύҗၨଯ֎ԏᓎ౗Կၨե֎ԏ

ᓎ౗ϩձࣁϸԄൂᡏǵ໩Ԅൂᡏ֎ԏঢ়Ϸᚈᡏ֎ԏঢ়Ƕ 

߄     ளϐ໩ԄǵϸԄ܌ࡕࡋΠǴෳໆΜಔᐚࡋӧѤᅿόӕྕࣁ3.11

ൂᡏϷᚈᡏޑനε֎ԏՏ࿼ǵъଯቨаϷᕴ֎ԏࡋǶ 
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კ 3.46  3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋٌ҅ܭ₧ྋᏊύǴ15ʚਔ

ෳள܌ N-H ୷ޑ IR Ӏ᛼კǶคӢԛϯྋ፦ଛ࿼ᐚࡋϩձ

0.0192ǵ0.0159ǵ 0.0128ǵ 0.0093Ϸ:ࣁ 0.0059Ƕ 
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კ3.47  3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋٌ҅ܭ₧ྋᏊύӧ15ʚค

Ӣԛϯྋ፦ଛ࿼ᐚ0.0159 ࣁࡋਔ܌଺ޑ N-H ୷፾ှ᛼ጕǶ 
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߄ 3.11  ӧόӕྕࡋΠǴ3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋӧٌ҅₧

ྋᏊύǴׯᡂόӕคӢԛϯྋ፦ᐚࡋਔǴ໩ԄൂᡏǵϸԄൂ

ᡏϷᚈᡏനε֎ԏՏ࿼ǵъଯቨϷᕴ֎ԏࡋǶ 

 

T=15℃ ໩Ԅൂᡏ֎ԏঢ় ϸԄൂᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

നε 
֎ԏՏ࿼ 

ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0059 3462.4  8.8  27.3  3482.0  7.9  6.5  
0.0080 3461.8  8.8  34.0  3481.2  7.9  8.2  
0.0093 3462.4  8.7  37.8  3481.7  8.0  9.1  
0.0112 3461.8  8.9  42.9  3481.2  7.9  10.3  
0.0128 3461.5  8.7  46.9  3480.8  8.1  11.3  
0.0143 3461.6  8.7  50.6  3480.9  7.9  12.1  
0.0159 3461.9  8.8  54.2  3481.3  7.9  13.0  
0.0176 3461.6  8.7  57.9  3480.9  8.0  13.9  
0.0192 3462.1  8.7  61.2  3481.4  8.0  14.6  
0.0206 3461.9  8.6  64.0  3481.2  8.0  15.3  

 

 

 

T=15℃ ᚈᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0059 3313.4  32.2  82.4  
0.0080 3313.1  32.3  127.6  
0.0093 3313.6  31.8  157.7  
0.0112 3312.5  32.1  203.2  
0.0128 3312.3  32.0  243.4  
0.0143 3312.6  32.1  281.9  
0.0159 3312.2  32.1  323.9  
0.0176 3312.2  32.5  369.5  
0.0192 3312.6  32.0  413.2  
0.0206 3312.3  32.0  451.8  



126 
 

ௗុ߄ 3.11 

 

T=25℃ ໩Ԅൂᡏ֎ԏঢ় ϸԄൂᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

നε 
֎ԏՏ࿼ 

ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0057 3462.5  8.9  27.8  3482.1  8.1  7.0  
0.0077 3462.0  9.0  35.0  3481.5  8.1  8.9  
0.0094 3461.1  8.9  40.5  3480.7  8.1  10.2  
0.0111 3462.5  9.1  45.5  3482.0  8.1  11.4  
0.0127 3462.7  9.1  50.0  3482.2  8.2  12.6  
0.0143 3461.8  9.1  54.2  3481.4  8.1  13.6  
0.0159 3462.1  9.0  58.3  3481.4  8.1  14.7  
0.0176 3462.1  9.0  62.4  3481.4  8.1  15.6  
0.0193 3462.5  8.9  66.3  3481.9  8.1  16.8  
0.0210 3462.1  8.9  70.0  3481.5  8.1  17.8  

 

 

 

T=25℃ ᚈᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0057 3314.8  33.2  67.0  
0.0077 3314.5  33.3  105.0  
0.0094 3312.9  33.3  140.3  
0.0111 3314.3  32.9  177.5  
0.0127 3314.4  32.9  214.4  
0.0143 3313.3  33.2  252.0  
0.0159 3313.3  33.1  290.5  
0.0176 3313.9  33.2  332.8  
0.0193 3313.7  33.2  375.9  
0.0210 3313.6  33.2  419.9  
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ௗុ߄ 3.11 

 

T=35℃ ໩Ԅൂᡏ֎ԏঢ় ϸԄൂᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

നε 
֎ԏՏ࿼ 

ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0075 3462.9  9.1  36.9  3482.4  8.4  9.5  
0.0091 3463.1  8.9  42.7  3482.5  8.4  11.0  
0.0110 3463.0  8.9  49.2  3482.3  8.3  12.8  
0.0127 3462.3  9.0  54.7  3481.6  8.3  14.3  
0.0143 3462.3  8.9  59.4  3481.8  8.4  15.3  
0.0161 3462.4  8.9  64.6  3481.8  8.3  16.6  
0.0180 3462.2  9.0  69.9  3481.6  8.3  18.3  
0.0195 3461.9  8.9  73.6  3481.2  8.4  19.2  
0.0211 3462.8  8.9  77.9  3482.1  8.4  20.1  
0.0236 3462.2  9.0  84.3  3481.4  8.3  21.8  

 

 

 

T=35℃ ᚈᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0075 3315.2  33.5  81.8  
0.0091 3315.4  33.7  110.1  
0.0110 3314.7  33.2  145.6  
0.0127 3314.5  33.3  179.9  
0.0143 3314.5  33.7  213.3  
0.0161 3314.5  33.8  252.5  
0.0180 3314.4  33.8  294.2  
0.0195 3314.1  33.8  329.7  
0.0211 3314.9  33.6  366.6  
0.0236 3314.7  33.5  425.8  
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ௗុ߄ 3.11 

 

T=45℃ ໩Ԅൂᡏ֎ԏঢ় ϸԄൂᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

നε 
֎ԏՏ࿼ 

ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0058 3462.6  9.0  32.3  3482.0  8.6  9.0  
0.0082 3463.0  9.1  43.0  3482.4  8.6  11.9  
0.0098 3462.6  9.1  50.0  3482.1  8.6  13.5  
0.0115 3462.6  9.2  56.5  3482.1  8.6  15.4  
0.0133 3463.2  9.1  63.5  3482.6  8.6  17.6  
0.0150 3462.8  9.1  69.2  3482.2  8.6  18.9  
0.0167 3462.1  9.2  74.8  3481.5  8.6  20.6  
0.0185 3462.6  9.1  81.2  3482.1  8.6  22.4  
0.0202 3462.5  9.1  86.8  3481.9  8.6  23.9  
0.0218 3463.0  9.1  91.2  3482.4  8.7  25.1  

 

 

 

T=45℃ ᚈᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0058 3315.8  34.1  37.7  
0.0082 3316.3  34.1  67.3  
0.0098 3315.5  34.1  89.8  
0.0115 3316.0  34.6  115.4  
0.0133 3316.5  34.1  145.0  
0.0150 3315.7  34.2  173.2  
0.0167 3315.2  34.2  205.4  
0.0185 3315.5  34.7  236.7  
0.0202 3315.4  34.5  268.9  
0.0218 3315.8  34.4  301.2  
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    җܭϩηਁ୏ౢ܌ғޑ֎ԏӀ᛼ӧ਻ᄊ (gas phase) ᆶӧྋᏊރ

ᄊ (condensed phase) ΠԖ܌όӕǴӢԜϩηྋှܭόӕྋᏊس಍Πਔ

໪ԵቾྋᏊਏᔈǶਥᏵ KBM (Kirkwood-Bauer-Magat) ౛ፕ 47,48ёޕǴ

ճҔ IR Ӏ᛼ୀෳډ੝ૈ۔ۓ୷ਁ୏ᓎ౗Տ࿼ᆶྋᏊϟႝதኧޑᜢ߯

ࣁ
)12(

)1(

+
−−=

D

D
Cνν o

obs Ǵځύ obs
ν ୷നε֎ԏঢ়Տ࿼Ǵૈ۔ۓ੝ډᢀෳࣁ oν

നε֎ԏՏ࿼ǴCޑ୷ૈ۔ۓᄊਔ੝ރޜྋ፦ӧ੿ࣁ தኧǴDࣁ ྋࣁ

ᏊޑϟႝதኧǶ 

    ਥᏵપྋᏊϟႝதኧ߄ 49Ǵёаளޑ₧ٌ҅ډϟႝதኧୖԵኧᏵ

аϷس಍ܭѤᅿྕࡋΠޑϟႝதኧॶ(15℃Ǻ1.9545Ǵ25℃Ǻ1.9415Ǵ

35℃Ǻ1.9285Ǵ45℃Ǻ1.9155)ǶஒӧྋనΠᢀჸډ໩Ԅൂᡏޑ N-H ୷

՜ᕭਁ୏ᓎ౗ obs
Cν ჹ

)12(

)1(

+
−

D

D
բጕ܄଑ᘜёள 3495.7  173.65X-  Y += Ǵ่݀

ӵკ ࣁύᄒຯځҢǶ܌3.48 -1cm 3495.7 ж߄Ѧකډ D = 1ރޑᄊǴջྋ

፦ܭ੿ރޜᄊΠ໩Ԅൂᡏ N-H ୷ޑ՜ᕭਁ୏ᓎ౗ 0
Cν ǶஒӧྋనΠᢀჸ

ޑϸԄൂᡏډ N-H ୷՜ᕭਁ୏ᓎ౗ obs
tν ჹ

)12(

)1(

+
−

D

D
բጕ܄଑ᘜёள

3515.9  178.03X-  Y += Ǵ่݀ӵკ ࣁύᄒຯځҢǶ܌3.49 -1cm 3515.9 ж߄Ѧ

කډ D = 1ރޑᄊǴջྋ፦ܭ੿ރޜᄊΠϸԄൂᡏ N-H ୷ޑ՜ᕭਁ୏

ᓎ౗ 0
tν Ƕ 

    җ߄ ࡋΠ໩ԄǵϸԄൂᡏനε՜ᕭਁ୏ᓎ౗όϼᒿᐚྕۓޕ3.11

ࣁϩձࡋ಍ྕسᡂǴஒׯ 15 ℃ǵ25 ℃ǵ35 ℃Ϸ 45 ℃ਔޑ໩Ԅǵϸ
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Ԅൂᡏനε֎ԏᓎ౗Տ࿼଺ѳ֡ǴஒѤঁྕࡋΠޑ
)12(

)1(

+
−

D

D
ॶ᏾౛ӵΠ 

    

 

ྋᏊޑϟႝதኧ཮ޑࡋྕڙቹៜǴ྽եྕਔځϟႝதኧεǶҗ Onsager50

౛ፕޕ྽ྋᏊϟႝதኧቚεǴ཮೷ԋྋᏊբҔܭྋ፦ޑϸᔈ൑ R  

(reaction field) ቚεǶЪޕϸᔈ൑բҔܭྋ፦೷ԋૈໆޑΠफ़ࣁ

ν∆== h    U µR/2 Ǵ µࣁྋ፦ޑଽཱུຯǴ ν∆ Տ౽Ƕޑ՜ᕭਁ୏ᓎ౗ࣁ ν∆ ё

Ңԋ߄  hµR/2 ǴӢԜྋᏊϟႝதኧຫεǴ߾R ຫεǴ೷ԋ՜ᕭਁ୏ᓎ౗

౽Տޑ ν∆ ΨຫεǶKBM 47,48а Onsagerޑ౛ፕ྽୷ᘵǴ௢ᏤрՏ౽Ϧ

ԄǴԶҗჴᡍ่݀ޑΨᆶ౛ፕ࣬಄Ǵᒿ๱ྋᏊϟႝதኧຫεځനε՜

ᕭਁ୏ᓎ౗Տ౽Ψ཮ቚεǶ     

    ᏾౛Ԅ (2-19) ٠ճҔКᅟۓ౛ஒ໩ԄǵϸԄᄬࠠᙯඤѳᑽதኧ 1K

᏾౛ԋ 

 

ٌ҅₧ 15℃ 25℃ 35℃ 45℃ 

 (D-1) / (2D+1) 0.1944 0.1928 0.1912 0.1895 

obs
tν  / cm-1 3481.3 ± 0.1 3481.6 ± 0.2 3481.9 ± 0.2 3482.1 ± 0.1 

obs
Cν  / cm-1 3461.9 ± 0.1 3462.2 ± 0.2 3462.5 ± 0.2 3462.7 ± 0.1 

 

 constant)(  
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ε
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ε
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(3-7) 
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ςྕۓޕΠϸԄൂᡏǵ໩ԄൂᡏޑᕴವԸ֎ԏ߯ኧ Cε ǵ tεϷ໩ԄൂᡏԾ

่ӝѳᑽதኧ 1K ΠࡋྕۓڰǴӧޕ ॶǶӢԜҗԄ (3-7)ۓࣁ Ct  / AA Ψࣁ

ࡋᐚۈ߃ॶǴόᒿۓ Oc ᡂǶӵკׯ ࣁ3.50 Ct  / AA ჹۈ߃คӢԛϯ B ޑ

ଛ࿼ᐚࡋ Oc ଺კǶ 

    ᏾౛Ԅ (2-22) ٠ճҔКᅟۓ౛ஒԾ่ӝѳᑽதኧ 2K ᏾౛ԋ 

 

ςྕۓޕΠ໩ԄൂᡏǵᚈᡏޑᕴವԸ֎ԏ߯ኧ Cε ǵ dε Ϸ໩ԄൂᡏԾ่

ӝѳᑽதኧ 2K ΠࡋྕۓڰǴӧޕ ॶǶӢԜҗԄ (3-8)ۓࣁ 2 / Cd AA Ψࣁ

ࡋᐚۈ߃ॶǴόᒿۓ Oc ᡂǶӵკׯ ࣁ3.51 2 / Cd AA ჹۈ߃คӢԛϯ B ޑ

ଛ࿼ᐚࡋ Oc ଺კǶ 

 

 

 

 

 

 

 

 

 constant)(
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O
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(3-8) 
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0.189 0.190 0.191 0.192 0.193 0.194 0.195
3461.2

3461.6

3462.0

3462.4

3462.8

3463.2
νob

s

C
 / 

cm
-1

(D-1) / (2D+1)
 

კ 3.48   3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋٌ҅ܭ₧ྋᏊύǴόӕྕ

໩Ԅൂᡏനε֎ԏঢ়Տ࿼ޑΠࡋ obs
Cν ჹ )12( / )1( +− DD բკǴ

ύځ D  ϟႝதኧǶޑ₧ٌ҅ࣁ

0.189 0.190 0.191 0.192 0.193 0.194 0.195

3481.2

3481.5

3481.8

3482.1

3482.4

3482.7

νob
s

t
 / 

cm
-1

(D-1) / (2D+1)
 

კ 3.49   3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋٌ҅ܭ₧ྋᏊύǴόӕྕ

ϸԄൂᡏനε֎ԏঢ়Տ࿼ޑΠࡋ obs
tν ჹ )12( / )1( +− DD բკǴ

ύځ D  ϟႝதኧǶޑ₧ٌ҅ࣁ
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კ 3.50   3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋٌ҅ܭ₧ྋᏊύ 1
Ct
−AA ჹ

Oc բკǶ܌ளጕ܄კǶځѤಔྕࡋϩձࣁ: (- -)288KǴ (-
-)298KǴ(- -)308KǴ(- -)318KǶ 
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კ 3.51   3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋٌ҅ܭ₧ྋᏊύ 2
Cd
−AA ჹ

Oc բკǶځѤಔྕࡋϩձࣁ: (- -)288KǴ (- -)298KǴ(-
-)308KǴ(- -)318KǶ 
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    ஒϦԄ (2-33)ǵϦԄ (2-36)ǵϦԄ (2-39) ᏾౛ӵΠ 
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d
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cεK
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c ++= −  

 
(2-33) 
 
 
(2-36) 
 
 
(2-39) 
 

     

җךܭॺคݤճҔԄ (2-33)ǵԄ (2-36) ϷԄ (2-39) ޑ௹౗ᆶᄒຯ؃

ள໩ԄǵϸԄᕴವԸ֎ԏ߯ኧǵᄬࠠᙯඤѳᑽதኧ 1K ϷൂᚈԾ่ӝѳ

ᑽதኧ 2K ǶଏԶځ؃ԛǴճҔჴᡍଛӝ౛ፕीᆉޑБԄǴஒᄬࠠᙯඤ

ѳᑽதኧ 1K ؃рǴаှрӀ᛼ୖኧ Cε ǵ tεϷ዗ΚᏢୖኧ 2K ǶӀ᛼ୖኧ dε

 Ƕ೸ၸԄ (3-7) ӵΠډᐱҥᡂኧǴёаҗԄ (2-39) ளࢂ

 

࿶җ೬ᡏёа፾ှआѦӀ᛼ၗ਑Ǵளډ໩ԄǵϸԄൂᡏ֎ԏࡋ CA ǵ tA Ǵ

ЪᙖҗѠε᝵ܴד௲௤ޑᔅԆǴૈ ճҔ౛ፕीᆉޑБԄ؃р໩Ԅᆶϸ

Ԅޑᕴ֎ԏ߯ኧК tC εε  / ǴӢԜᄬࠠᙯඤѳᑽதኧ 1K ջё؃рǶஒள

ޑډ 1K жΕԄ (2-33)ǵԄ (2-36) ǵԄ (2-39) ύ؃ள໩Ԅൂᡏ֎ԏ߯

ኧ Cε ǵϸԄൂᡏ֎ԏ߯ኧ tεǵᚈᡏ֎ԏ߯ኧ dε ǵ໩ԄൂᡏԾ่ӝѳᑽ

 

 
t

C

C

t

ε

ε

A

A
K =1  

 

(3-7) 
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தኧ 2 K Ƕ 

    კ ߄ճҔࣁ3.52 3.11ύྕۓΠǴ໩Ԅൂᡏӧ֎ԏ஥ޑᕴ֎ԏࡋ

CA ǴжΕ໩ԄൂᡏޑϦԄ (2-33)Ǵ٠а CO /   Y Ac= ჹ CA  X = ଺ጕ܄კǶ

კ ߄ճҔࣁ3.53 3.11ύྕۓΠǴϸԄǵ໩Ԅൂᡏӧ֎ԏ஥ޑᕴ֎ԏ

ࡋ tA ǵ CA ǴжΕϸԄൂᡏޑϦԄ (2-36)Ǵ٠а tO /   Y Ac= ჹ CA  X = ଺ጕ

კǶკ܄ ߄ճҔࣁ3.54 3.11ύྕۓΠǴᚈᡏӧ֎ԏ஥ޑᕴ֎ԏࡋ dA Ǵ

жΕᚈᡏޑϦԄ (2-39)Ǵ٠а dO /   Y Ac= ჹ 1/2
d  X −= A ଺ጕ܄კǶ 

߄ܭ዗ΚᏢୖኧǵӀ᛼ୖኧӈע     3.12ύǶஒόӕྕࡋΠޑᄬࠠᙯ

ඤѳᑽதኧ 1K ǵൂᡏԾ่ӝѳᑽதኧ 2 K ଺ van’t Hoff კǴ
 

R

S

TR

H
K

OO 1
   ln

∆+∆−= Ƕа K ln  Y = ჹ 
T

1
  X =  ଺ጕ܄კǴளډ௹౗

R

H O∆− Ϸ

ᄒຯ
R

S O∆
ǶӢԜҗ௹౗ǵᄒຯёаϩձ؃рൂᡏᄬࠠᙯඤޑ኱ྗ₲ O

1H∆

Ϸ⪖ O
1S∆ ǵ໩ԄൂᡏԾ่ӝޑ኱ྗ₲ O

2H∆ Ϸ⪖ O
2S∆ Ƕ 

    კ ࣁ3.55 1 ln K ჹ
T

1
଺ van’t Hoff კǶ߄ 3.12ёа࣮рǴҗൂᡏᄬ

ࠠᙯඤѳᑽதኧॶ؃рޑ₲ O
1H∆ Ϸ⪖ O

1S∆ ϩձࣁ -1molJ  3.33k ᆶ

-1-1 KmolJ  37.0 Ƕ྽ྕࡋϲଯਔǴ཮٬ൂᡏᄬࠠᙯඤѳᑽதኧ K1ॶᡂεǴ

ቚуྕ٬ࡋள໩ԄൂᡏᕇளૈޑໆຫӭǴ٬ϐૈլܺૈምᙯԋϸԄᄬ

ࠠǴቚуΑϸԄۚޑໆǶҗ؃рޕ₲ޑǴ໩ԄൂᡏᙯԋϸԄൂᡏࣁ֎

዗ϸᔈǶ 

    კ ࣁ3.56 2 ln K ჹ
T

1
଺ van’t Hoff კǶ߄ 3.12ёа࣮рǴൂᡏԾ่
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ӝ ѳ ᑽ த ኧ ॶ ؃ р ޑ ₲ O
2H∆ Ϸ ⪖ O

2S∆ ϩ ձ ࣁ -1molJ   28.7- k ᆶ

-1-1 KmolJ  0.59− Ƕӵ߄ 3.12Ǵ྽ྕࡋϲଯਔǴ཮٬໩ԄൂᡏԾ่ӝѳᑽ

தኧ K2ॶᡂλǴफ़եԾ่ӝ׎ޑԋǴӢԜዴᇡҗణᗖ׎ԋޑԾ่ӝࣁ

 ዗ϸᔈǶܫ
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კ 3.52  җϦԄ (2-33) ܌ளϐ 3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋܭ

ٌ҅₧ྋᏊύ܌ளጕ܄კǶځѤಔྕࡋϩձࣁ: (- -)288KǴ
(- -)298KǴ(- -)308KǴ(- -)318KǶ 
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კ 3.53  җϦԄ (2-36) ܌ளϐ 3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋܭ

ٌ҅₧ྋᏊύ܌ளጕ܄კǶځѤಔྕࡋϩձࣁ: (- -)288KǴ
(- -)298KǴ(- -)308KǴ(- -)318KǶ 
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კ3.54   җϦԄ (2-39) ܌ளϐ3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋܭ

ٌ҅₧ྋᏊύ܌ளጕ܄კǶځѤಔྕࡋϩձࣁ: (- -)288KǴ
(- -)298KǴ(- -)308KǴ(- -)318KǶ 
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კ 3.55  3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋٌ҅ܭ₧ྋᏊύ van’t 
Hoff კǶK1ࣁᄬࠠᙯඤޑѳᑽதኧǶ 
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კ 3.56  3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋٌ҅ܭ₧ྋᏊύ van’t  
Hoff კǶK2ࣁ໩ԄൂᡏԾ่ӝޑѳᑽதኧǶ 
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3.4.2  3,5-ΒҘ୷ΒҘ୷ΒҘ୷ΒҘ୷-1H-㞓ࠗ㞓ࠗ㞓ࠗ㞓ࠗ-2-ҘҘҘҘለΌ✊ለΌ✊ለΌ✊ለΌ✊ྋ۪҅ܭ₧ྋనྋ۪҅ܭ₧ྋనྋ۪҅ܭ₧ྋనྋ۪҅ܭ₧ྋన 

    Ԝس಍ϩձӧ 15℃ǵ25℃ǵ35℃Ϸ 45℃฻ѤঁόӕྕࡋΠ຾Չჴ

ᡍǶᐚࡋҗ molality (m) ᙯඤࣁ morality (M) ࢂਥᏵ۪҅₧ӧόӕྕ

ԵኧᏵୖࣁࡋஏޑΠࡋ 41(15℃Ǻ0.6905Ǵ25℃Ǻ0.6821Ǵ35℃Ǻ0.6736Ǵ

45℃Ǻ0.6649 g mL-1)Ƕۓက m = (ྋ፦ವԸኧ/mol) / (ྋᏊख़ໆ/kg)ǴM = 

(ྋ፦ವԸኧ/mol) / (ྋనᡏᑈ/L)Ƕ(ᡏ୷ವԸᐚࡋ/M) = m× (ྋᏊख़ໆ

/kg) / (ྋనᡏᑈ/L)ǴԶӧีᖓྋనύǴଷ೛ྋనᡏ୷ऊ฻ܭྋᏊᡏ୷ Ǵ

ӢԜځᙯඤϦԄM   ≈ m× (ྋᏊख़ໆ/kg) / (ྋᏊᡏ୷/L) = m×ྋᏊஏࡋ ρǶ

კ ࣁ3.57 15℃ਔǴคӢԛϯྋ፦ଛ࿼ᐚࡋϩձࣁ 0.0216ǵ0.0168ǵ0.0128ǵ

0.0095Ϸ 0.0058ਔྋ፦ޑ NH ୷ IR ֎ԏӀ᛼Ƕ 

კ ࣁ3.58 15℃ਔǴคӢԛϯྋ፦ޑଛ࿼ᐚࣁࡋ 0.0184ਔǴஒ NH

୷ޑ໩ԄൂᡏǵϸԄൂᡏϷᚈᡏ֎ԏϐख़᠄೽ϩǴа Galatic рޑࠔ

PeakSolve GRAMS32 AI೬ᡏǴճҔଯථ—മউ૟(Gauss-Lorentz)షӝ

፾ှϩթԔጕϦԄ܌ϩᚆϐკ׎Ǵځύҗၨଯ֎ԏᓎ౗Կၨե֎ԏᓎ

౗ϩձࣁϸԄൂᡏǵ໩Ԅൂᡏ֎ԏঢ়Ϸᚈᡏ֎ԏঢ়Ƕ 

߄     ளϐ໩ԄǵϸԄ܌ࡕࡋΠǴෳໆΜಔᐚࡋӧѤᅿόӕྕࣁ3.13

ൂᡏϷᚈᡏޑനε֎ԏՏ࿼ǵъଯቨаϷᕴ֎ԏࡋǶ 
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კ 3.57   3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋ۪҅ܭ₧ྋᏊύǴ15ʚਔ

ෳள܌ N-H ୷ޑ IR Ӏ᛼კǶคӢԛϯྋ፦ଛ࿼ᐚࡋϩձ
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კ 3.58   3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋ۪҅ܭ₧ྋᏊύӧ 15ʚ
คӢԛϯྋ፦ଛ࿼ᐚ0.0184 ࣁࡋਔ܌଺ޑ N-H ୷፾ှ᛼

ጕǶ 



143 
 

߄ 3.13  ӧόӕྕࡋΠǴ3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋӧ۪҅₧

ྋᏊύǴׯᡂόӕคӢԛϯྋ፦ᐚࡋਔǴ໩ԄൂᡏǵϸԄൂ

ᡏϷᚈᡏനε֎ԏՏ࿼ǵъଯቨϷᕴ֎ԏࡋǶ 

 

T=15℃ ໩Ԅൂᡏ֎ԏঢ় ϸԄൂᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

നε 
֎ԏՏ࿼ 

ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0058 3462.5  8.5  26.1  3481.9  8.1  6.4  
0.0077 3462.3  8.6  31.9  3481.8  7.9  7.8  
0.0095 3462.3  8.6  37.1  3481.7  7.9  9.1  
0.0112 3461.8  8.6  41.5  3481.1  8.0  10.3  
0.0128 3462.2  8.5  45.2  3481.5  8.0  11.1  
0.0147 3462.0  8.5  49.0  3481.3  8.0  12.1  
0.0168 3462.2  8.4  54.1  3481.4  8.0  13.3  
0.0184 3462.1  8.5  57.4  3481.4  8.0  14.3  
0.0203 3462.2  8.5  61.0  3481.4  8.1  15.3  
0.0216 3461.9  8.5  63.2  3481.1  8.0  15.5  

 

 

 

T=15℃ ᚈᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0058 3313.0  32.1  73.7  
0.0077 3313.7  32.3  110.7  
0.0095 3313.2  32.2  148.3  
0.0112 3312.7  32.4  185.4  
0.0128 3312.9  32.2  223.6  
0.0147 3312.8  32.1  266.2  
0.0168 3313.5  31.9  316.3  
0.0184 3312.8  32.2  353.4  
0.0203 3313.4  32.0  402.7  
0.0216 3312.7  32.1  435.2  
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ௗុ߄ 3.13 

 

T=25℃ ໩Ԅൂᡏ֎ԏঢ় ϸԄൂᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

നε 
֎ԏՏ࿼ 

ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0065 3463.3  8.6  30.0  3482.9  8.0  7.7  
0.0085 3463.2  8.6  36.6  3482.5  8.2  9.4  
0.0103 3462.8  8.5  41.9  3482.1  8.2  10.8  
0.0121 3462.8  8.6  47.2  3482.2  8.2  12.3  
0.0138 3463.1  8.6  51.4  3482.4  8.1  13.3  
0.0156 3462.8  8.6  55.7  3482.1  8.1  14.3  
0.0175 3462.0  8.6  60.5  3481.3  8.2  15.4  
0.0192 3462.5  8.6  64.1  3481.7  8.0  16.9  
0.0213 3462.5  8.7  68.5  3481.8  8.2  17.7  
0.0228 3463.4  8.6  71.5  3482.5  8.3  18.5  

 

 

 

T=25℃ ᚈᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0065 3315.1  33.3  74.5  
0.0085 3315.0  33.5  110.3  
0.0103 3314.8  33.3  145.1  
0.0121 3314.0  33.2  182.5  
0.0138 3314.9  33.1  217.7  
0.0156 3314.1  33.6  257.1  
0.0175 3313.6  33.0  299.4  
0.0192 3314.6  32.7  338.5  
0.0213 3313.9  33.0  387.3  
0.0228 3315.1  32.8  423.0  

 

 



145 
 

ௗុ߄ 3.13 

 

T=35℃ ໩Ԅൂᡏ֎ԏঢ় ϸԄൂᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

നε 
֎ԏՏ࿼ 

ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0058 3463.2  8.8  29.4  3482.6  8.3  7.9  
0.0075 3463.2  8.8  35.8  3482.6  8.4  9.7  
0.0093 3463.2  8.9  42.5  3482.6  8.3  11.5  
0.0111 3463.2  8.7  48.3  3482.6  8.4  13.0  
0.0128 3463.2  8.8  53.5  3482.6  8.4  14.4  
0.0145 3463.2  8.9  58.3  3482.6  8.4  15.9  
0.0163 3463.2  8.8  63.7  3482.6  8.4  17.5  
0.0181 3463.2  8.9  68.6  3482.6  8.4  18.6  
0.0200 3463.2  8.8  73.6  3482.6  8.4  19.6  
0.0220 3463.2  8.7  78.2  3482.6  8.4  21.1  

 

 

 

T=35℃ ᚈᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0058 3315.4  34.4  49.5  
0.0075 3315.9  34.5  74.4  
0.0093 3315.1  34.8  102.8  
0.0111 3315.4  34.4  133.6  
0.0128 3315.7  34.5  164.5  
0.0145 3316.0  34.4  197.4  
0.0163 3315.9  34.3  231.7  
0.0181 3314.8  34.3  268.4  
0.0200 3315.7  34.1  308.1  
0.0220 3315.4  34.3  349.8  
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ௗុ߄ 3.13 

 

T=45℃ ໩Ԅൂᡏ֎ԏঢ় ϸԄൂᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

നε 
֎ԏՏ࿼ 

ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0063 3463.6  8.8  34.3  3483.5  8.6  9.7  
0.0085 3463.6  8.8  44.4  3483.1  8.7  12.5  
0.0101 3463.6  8.7  51.1  3483.3  8.7  14.4  
0.0120 3463.6  8.8  58.5  3483.2  8.7  16.4  
0.0136 3463.6  8.8  64.6  3482.3  8.7  18.3  
0.0153 3463.6  8.8  70.5  3483.1  8.7  19.8  
0.0171 3463.6  8.7  76.0  3483.1  8.7  21.8  
0.0189 3463.6  8.8  82.6  3482.9  8.7  23.6  
0.0204 3463.6  8.8  87.6  3482.4  8.7  24.8  
0.0221 3463.6  8.8  92.8  3483.1  8.7  26.2  

 

 

 

T=45℃ ᚈᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0063 3317.3  34.6  37.2  
0.0085 3317.0  34.3  61.2  
0.0101 3317.3  34.8  81.4  
0.0120 3316.9  34.3  106.7  
0.0136 3316.4  35.0  129.6  
0.0153 3316.9  34.7  155.0  
0.0171 3316.9  34.5  183.9  
0.0189 3316.7  34.2  213.3  
0.0204 3316.6  34.3  239.6  
0.0221 3316.9  34.4  269.3  
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    җܭϩηਁ୏ౢ܌ғޑ֎ԏӀ᛼ӧ਻ᄊ (gas phase) ᆶӧྋᏊރ

ᄊ (condensed phase) ΠԖ܌όӕǴӢԜϩηྋှܭόӕྋᏊس಍Πਔ

໪ԵቾྋᏊਏᔈǶਥᏵ KBM (Kirkwood-Bauer-Magat) ౛ፕ 47,48ёޕǴ

ճҔ IR Ӏ᛼ୀෳډ੝ૈ۔ۓ୷ਁ୏ᓎ౗Տ࿼ᆶྋᏊϟႝதኧޑᜢ߯

ࣁ
)12(

)1(

+
−−=

D

D
Cνν o

obs Ǵځύ obs
ν ୷നε֎ԏঢ়Տ࿼Ǵૈ۔ۓ੝ډᢀෳࣁ oν

നε֎ԏՏ࿼ǴCޑ୷ૈ۔ۓᄊਔ੝ރޜྋ፦ӧ੿ࣁ தኧǴDࣁ ྋࣁ

ᏊޑϟႝதኧǶ 

    ਥᏵપྋᏊϟႝதኧ߄ 49Ǵёаளޑ₧۪҅ډϟႝதኧୖԵኧᏵ

аϷس಍ܭѤᅿྕࡋΠޑϟႝதኧॶ(15℃Ǻ1.931Ǵ25℃Ǻ1.917Ǵ35

℃Ǻ1.903Ǵ45℃Ǻ1.889)ǶஒӧྋనΠᢀჸډ໩Ԅൂᡏޑ N-H ୷՜ᕭ

ਁ୏ᓎ౗ obs
Cν ჹ

)12(

)1(

+
−

D

D
բጕ܄଑ᘜёள 3512.9  264.44X-  Y += Ǵ่݀ӵკ

ࣁύᄒຯځҢǶ܌3.59 -1cm 3512.9 ж߄Ѧකډ D = 1ރޑᄊǴջྋ፦ܭ

੿ރޜᄊΠ໩Ԅൂᡏ N-H ୷ޑ՜ᕭਁ୏ᓎ౗ 0
Cν ǶஒӧྋనΠᢀჸډϸ

Ԅൂᡏޑ N-H ୷՜ᕭਁ୏ᓎ౗ obs
tν ჹ

)12(

)1(

+
−

D

D
բጕ܄଑ᘜёள

3536.0  284.23X-  Y += Ǵ่݀ӵკ 3.60 ࣁύᄒຯځҢǶ܌ -1cm 3536.0 ж߄

Ѧකډ D = 1ރޑᄊǴջྋ፦ܭ੿ރޜᄊΠϸԄൂᡏ N-H ୷ޑ՜ᕭਁ

୏ᓎ౗ 0
tν Ƕ 

    җ߄ ࡋΠ໩ԄǵϸԄൂᡏനε՜ᕭਁ୏ᓎ౗όϼᒿᐚྕۓޕ3.13

ࣁϩձࡋ಍ྕسᡂǴஒׯ 15℃ǵ25℃ǵ35℃Ϸ 45℃ਔޑ໩ԄǵϸԄൂ
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ᡏനε֎ԏᓎ౗Տ࿼଺ѳ֡ǴЪஒѤঁྕࡋΠޑ
)12(

)1(

+
−

D

D
ॶ᏾౛ӵΠ 

 

۪҅₧ 15℃ 25℃ 35℃ 45℃ 

(D-1) / (2D+1) 0.1915 0.1897 0.1879 0.1861 

obs
tν  / cm-1 3481.4 ± 0.1 3482.2 ± 0.2 3482.6 ± 0.1 3483.1 ± 0.1 

obs
Cν  / cm-1 3462.2 ± 0.1 3462.8 ± 0.2 3463.2 ± 0.1 3463.6 ± 0.1 

 

ྋᏊޑϟႝதኧ཮ޑࡋྕڙቹៜǴ྽եྕਔځϟႝதኧεǶҗ Onsager50

౛ፕޕ྽ྋᏊϟႝதኧቚεǴ཮೷ԋྋᏊբҔܭྋ፦ޑϸᔈ൑ R  

(reaction field) ቚεǶЪޕϸᔈ൑բҔܭྋ፦೷ԋૈໆޑΠफ़ࣁ

ν∆== h    U µR/2 Ǵ µࣁྋ፦ޑଽཱུຯǴ ν∆ Տ౽Ƕޑ՜ᕭਁ୏ᓎ౗ࣁ ν∆ ё

Ңԋ߄  hµR/2 ǴӢԜྋᏊϟႝதኧຫεǴ߾R ຫεǴ೷ԋ՜ᕭਁ୏ᓎ౗

౽Տޑ ν∆ ΨຫεǶKBM 47,48а Onsagerޑ౛ፕ྽୷ᘵǴ௢ᏤрՏ౽Ϧ

ԄǴԶҗჴᡍ่݀ޑΨᆶ౛ፕ࣬಄Ǵᒿ๱ྋᏊϟႝதኧຫεځനε՜

ᕭਁ୏ᓎ౗Տ౽Ψ཮ቚεǶ     

    ᏾౛Ԅ (2-19) ٠ճҔКᅟۓ౛ஒ໩ԄǵϸԄᄬࠠᙯඤѳᑽதኧ 1K

᏾౛ԋ 

 

 

 constant)(  
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ε

ε
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ε
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(3-7) 
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ςྕۓޕΠϸԄൂᡏǵ໩ԄൂᡏޑᕴವԸ֎ԏ߯ኧ Cε ǵ tεϷ໩ԄൂᡏԾ

่ӝѳᑽதኧ 1K ΠࡋྕۓڰǴӧޕ ॶǶӢԜҗԄ (3-7)ۓࣁ Ct  / AA Ψࣁ

ࡋᐚۈ߃ॶǴόᒿۓ Oc ᡂǶӵკׯ ࣁ3.61 Ct  / AA ჹۈ߃คӢԛϯ B ޑ

ଛ࿼ᐚࡋ Oc ଺კǶ 

    ᏾౛Ԅ (2-22) ٠ճҔКᅟۓ౛ஒԾ่ӝѳᑽதኧ 2K ᏾౛ԋ 

 

ςྕۓޕΠ໩ԄൂᡏǵᚈᡏޑᕴವԸ֎ԏ߯ኧ Cε ǵ dε Ϸ໩ԄൂᡏԾ่

ӝѳᑽதኧ 2K ΠࡋྕۓڰǴӧޕ ॶǶӢԜҗԄ (3-8)ۓࣁ 2 / Cd AA Ψࣁ

ࡋᐚۈ߃ॶǴόᒿۓ Oc ᡂǶӵკׯ ࣁ3.62 2 / Cd AA ჹۈ߃คӢԛϯ B ޑ

ଛ࿼ᐚࡋ Oc ଺კǶ 

 

 

 

 

 

 

 

 

 constant)(
)(
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(
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C

d

d

O2
C

2
C2

C

C

O

d

d

2
O

O
2

22
2 ×=====

A

A

ε

cε

A

A

ε

A

c
ε

A

c

B
c

B

c

c
K d

CB

B

C

 

 

 
(3-8) 
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0.186 0.187 0.188 0.189 0.190 0.191 0.192

3461.4

3462.0

3462.6

3463.2

3463.8

3464.4
νob

s

C
 / 

cm
-1

(D-1) / (2D+1)
 

კ 3.59   3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋ۪҅ܭ₧ྋᏊύǴόӕྕ

໩Ԅൂᡏനε֎ԏঢ়Տ࿼ޑΠࡋ obs
Cν ჹ )12( / )1( +− DD բკǴ

ύځ D  ϟႝதኧǶޑ₧۪҅ࣁ

0.186 0.187 0.188 0.189 0.190 0.191 0.192

3480.6

3481.2

3481.8

3482.4

3483.0

3483.6

3484.2

νob
s

t
 / 

cm
-1

(D-1) / (2D+1)
 

კ 3.60   3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋ۪҅ܭ₧ྋᏊύǴόӕྕ

ϸԄൂᡏനε֎ԏঢ়Տ࿼ޑΠࡋ obs
tν ჹ )12( / )1( +− DD բკǴ

ύځ D  ϟႝதኧǶޑ₧۪҅ࣁ
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0.004 0.008 0.012 0.016 0.020 0.024
0.0

0.1

0.2

0.3

0.4

A
tA

C

-1
 

c
O
 

 

კ 3.61   3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋ۪҅ܭ₧ྋᏊύ 1
Ct
−AA ჹ

Oc բკǶځѤಔྕࡋϩձࣁ: (- -)288KǴ (- -)298KǴ(-
-)308KǴ(- -)318KǶ 

0.000 0.006 0.012 0.018 0.024
0.00

0.06

0.12

0.18

A
dA

C

-2
 / 

cm
2

c
O
 

 

კ 3.62   3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋ۪҅ܭ₧ྋᏊύ 2
Cd
−AA ჹ

Oc բკǶ܌ளጕ܄კǶځѤಔྕࡋϩձࣁ: (- -)288KǴ (-
-)298KǴ(- -)308KǴ(- -)318KǶ 
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 ॺஒϦԄ (2-33)ǵϦԄ (2-36)ǵϦԄ (2-39) ᏾౛ӵΠך    

 

 

 
O

C

1
2O2

C

2

C

O 1

)(

2

cε

K
A

cε

K

A

c
C

++=
 

 

O
t1

1
C2O

tC1

2

t

O 1

)(

2

cεK

K
A

cεεK

K

A

c ++=
 

 

O
d

1/2
d1/2O1/2

d
1/2
2

1

d

O 2

)(

1

cε
A

cεK

K

A

c ++= −  

 
(2-33) 
 
 
(2-36) 
 
 
(2-39) 
 

     

җךܭॺคݤճҔԄ (2-33)ǵԄ (2-36) ϷԄ (2-39) ޑ௹౗ᆶᄒຯ؃

ள໩ԄǵϸԄᕴವԸ֎ԏ߯ኧǵᄬࠠᙯඤѳᑽதኧ 1K ϷൂᚈԾ่ӝѳ

ᑽதኧ 2K ǶଏԶځ؃ԛǴךॺճҔჴᡍଛӝ౛ፕीᆉޑБԄǴஒᄬࠠ

ᙯඤѳᑽதኧ 1K ؃рǴаှрӀ᛼ୖኧ Cε ǵ tεϷ዗ΚᏢୖኧ 2K ǶӀ᛼

ୖኧ dε  Ƕ೸ၸԄ (3-7) ӵΠډᐱҥᡂኧǴёаҗԄ (2-39) ளࢂ

 

 

࿶җ೬ᡏёа፾ှआѦӀ᛼ၗ਑Ǵளډ໩ԄǵϸԄൂᡏ֎ԏࡋ CA ǵ tA Ǵ

ЪᙖҗѠε᝵ܴד௲௤ޑᔅԆǴૈ ճҔ౛ፕीᆉޑБԄ؃р໩Ԅᆶϸ

Ԅޑᕴ֎ԏ߯ኧК tC εε  / ǴӢԜᄬࠠᙯඤѳᑽதኧ 1K ջё؃рǶஒள

ޑډ 1K жΕԄ (2-33)ǵԄ (2-36) ǵԄ (2-39) ύ؃ள໩Ԅൂᡏ֎ԏ߯

 

 
t

C

C

t

ε

ε

A

A
K =1  

 

(3-7) 
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ኧ Cε ǵϸԄൂᡏ֎ԏ߯ኧ tεǵᚈᡏ֎ԏ߯ኧ dε ǵ໩ԄൂᡏԾ่ӝѳᑽ

தኧ 2 K Ƕ 

    კ ߄ճҔࣁ3.63 3.13ύྕۓΠǴ໩Ԅൂᡏӧ֎ԏ஥ޑᕴ֎ԏࡋ

CA ǴжΕ໩ԄൂᡏޑϦԄ (2-33)Ǵ٠а CO /   Y Ac= ჹ CA  X = ଺ጕ܄კǶ

კ ߄ճҔࣁ3.64 3.13ύྕۓΠǴϸԄǵ໩Ԅൂᡏӧ֎ԏ஥ޑᕴ֎ԏ

ࡋ tA ǵ CA ǴжΕϸԄൂᡏޑϦԄ (2-36)Ǵ٠а tO /   Y Ac= ჹ CA  X = ଺ጕ

კǶკ܄ ߄ճҔࣁ3.65 3.13ύྕۓΠǴᚈᡏӧ֎ԏ஥ޑᕴ֎ԏࡋ dA Ǵ

жΕᚈᡏޑϦԄ (2-39)Ǵ٠а dO /   Y Ac= ჹ 1/2
d  X −= A ଺ጕ܄კǶ 

߄ܭ዗ΚᏢୖኧǵӀ᛼ୖኧӈע     3.14ύǶஒόӕྕࡋΠޑᄬࠠᙯ

ඤѳᑽதኧ 1K ǵൂᡏԾ่ӝѳᑽதኧ 2 K ଺ van’t Hoff კǴ
 

R

S

TR

H
K

OO 1
   ln

∆+∆−= Ƕа K ln  Y = ჹ 
T

1
  X =  ଺ጕ܄კǴளډ௹౗

R

H O∆− Ϸ

ᄒຯ
R

S O∆
ǶӢԜҗ௹౗ǵᄒຯёаϩձ؃рൂᡏᄬࠠᙯඤޑ኱ྗ₲ O

1H∆

Ϸ⪖ O
1S∆ ǵ໩ԄൂᡏԾ่ӝޑ኱ྗ₲ O

2H∆ Ϸ⪖ O
2S∆ Ƕ 

    კ ࣁ3.66 1 ln K ჹ
T

1
଺ van’t Hoff კǶ߄ 3.14ёа࣮рǴҗൂᡏᄬ

ࠠᙯඤѳᑽதኧॶ؃рޑ₲ O
1H∆ Ϸ⪖ O

1S∆ ϩձࣁ -1molJ  3.42k ᆶ

-1-1 KmolJ  96.0 Ƕ྽ྕࡋϲଯਔǴ཮٬ൂᡏᄬࠠᙯඤѳᑽதኧ K1ॶᡂεǴ

ቚуྕ٬ࡋள໩ԄൂᡏᕇளૈޑໆຫӭǴ٬ϐૈլܺૈምᙯԋϸԄᄬ

ࠠǴቚуΑϸԄۚޑໆǴҗ؃рޕ₲ޑǴ໩ԄൂᡏᙯԋϸԄൂᡏࣁ֎

዗ϸᔈǶ 
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    კ ࣁ3.67 2 ln K ჹ
T

1
଺ van’t Hoff კǶ߄ 3.14ёа࣮рǴൂᡏԾ่

ӝ ѳ ᑽ த ኧ ॶ ؃ р ޑ ₲ O
2H∆ Ϸ ⪖ O

2S∆ ϩ ձ ࣁ -1molJ   32.1- k ᆶ

-1-1 KmolJ  70.1− Ƕӵ߄ 3.14Ǵ྽ྕࡋϲଯਔǴ཮٬໩ԄൂᡏԾ่ӝѳᑽ

தኧ K2ॶᡂλǴफ़եԾ่ӝ׎ޑԋǴӢԜዴᇡҗణᗖ׎ԋޑԾ่ӝࣁ

 ዗ϸᔈǶܫ
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კ3.63   җϦԄ (2-33) ܌ளϐ3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋܭ

۪҅₧ྋᏊύ܌ளጕ܄კǶځѤಔྕࡋϩձࣁ: (- -)288KǴ
(- -) 298KǴ(- -)308KǴ(- -)318KǶ 
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კ3.64   җϦԄ (2-36) ܌ளϐ3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋܭ

۪҅₧ྋύ܌ளጕ܄კǶځѤಔྕࡋϩձࣁ: (- -)288KǴ(-
-)298KǴ(- -)308KǴ(- -)318KǶ 
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კ3.65   җϦԄ (2-39) ܌ளϐ3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋܭ

۪҅₧ྋᏊύ܌ளጕ܄კǶځѤಔྕࡋϩձࣁ: (- -)288KǴ
(- -)298KǴ(- -)308KǴ(- -)318KǶ 
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კ 3.66   3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋ۪҅ܭ₧ྋᏊύ van’t 

Hoff კǶK1ࣁᄬࠠᙯඤޑѳᑽதኧǶ 
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კ 3.67   3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋ۪҅ܭ₧ྋᏊύ van’t 
Hoff კǶK2ࣁ໩ԄൂᡏԾ่ӝޑѳᑽதኧǶ 
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3.4.3  3,5-ΒҘ୷ΒҘ୷ΒҘ୷ΒҘ୷-1H-㞓ࠗ㞓ࠗ㞓ࠗ㞓ࠗ-2-ҘҘҘҘለΌ✊ለΌ✊ለΌ✊ለΌ✊ྋܭҘ୷ᕉρ₧ྋనྋܭҘ୷ᕉρ₧ྋనྋܭҘ୷ᕉρ₧ྋనྋܭҘ୷ᕉρ₧ྋన 

    Ԝس಍ϩձӧ 15℃ǵ25℃ǵ35℃Ϸ 45℃฻ѤঁόӕྕࡋΠ຾Չჴ

ᡍǶᐚࡋҗ molality (m) ᙯඤࣁ morality (M) ࢂਥᏵҘ୷ᕉρ₧ӧό

ӕྕࡋΠޑஏୖࣁࡋԵኧᏵ 41(15℃Ǻ0.7747Ǵ25℃Ǻ0.76613Ǵ35℃Ǻ

0.7574Ǵ45℃Ǻ0.7486 g mL-1)Ƕۓက m = (ྋ፦ವԸኧ/mol) / (ྋᏊख़ໆ

/kg)ǴM = (ྋ፦ವԸኧ/mol) / (ྋనᡏᑈ/L)Ƕ(ᡏ୷ವԸᐚࡋ/M) = m× (ྋ

Ꮚख़ໆ/kg) / (ྋనᡏᑈ/L)ǴԶӧีᖓྋనύǴଷ೛ྋనᡏ୷ऊ฻ܭྋ

Ꮚᡏ୷ ǴӢԜځᙯඤϦԄ M   ≈ m× (ྋᏊख़ໆ/kg) / (ྋᏊᡏ୷/L) = m
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0.00000
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0.00004

0.00006

0.00008

0.00010

c OA
d-1

/ 
cm
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- 1/2
 / cm

ྋᏊஏࡋ ρǶკ3.6815ࣁ℃ਔǴคӢԛϯྋ፦ޑଛ࿼ᐚࡋϩձ0.0224ࣁǵ

0.0182ǵ0.0142ǵ0.0105Ϸ 0.0067ਔྋ፦ޑ NH ୷ IR ֎ԏӀ᛼Ƕ 

    კ 3.69 ࣁ 15 ℃ਔǴคӢԛϯྋ፦ޑଛ࿼ᐚࣁࡋ 0.0106ਔǴஒ

NH ୷ޑ໩ԄൂᡏǵϸԄൂᡏϷᚈᡏ֎ԏϐख़᠄೽ϩǴа Galaticрࠔ

ޑ PeakSolve GRAMS32 AI೬ᡏǴճҔଯථ—മউ૟(Gauss-Lorentz)ష

ӝ፾ှϩթԔጕϦԄ܌ϩᚆϐკ׎Ǵځύҗၨଯ֎ԏᓎ౗Կၨե֎ԏ

ᓎ౗ϩձࣁϸԄൂᡏǵ໩Ԅൂᡏ֎ԏঢ়Ϸᚈᡏ֎ԏঢ়Ƕ 

߄     ளϐ໩ԄǵϸԄ܌ࡕࡋΠǴෳໆΜಔᐚࡋӧѤᅿόӕྕࣁ3.15

ൂᡏϷᚈᡏޑനε֎ԏՏ࿼ǵъଯቨаϷᕴ֎ԏࡋǶ 
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კ 3.68   3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋܭҘ୷ᕉρ₧ྋᏊύ Ǵ
15ʚਔ܌ෳள N-H ୷ޑ IR Ӏ᛼კǶคӢԛϯྋ፦ଛ࿼ᐚ

0.0224ǵ0.0182ǵ0.0142ǵ0.0105 Ϸ:ࣁϩձࡋ 0.0067Ƕ 
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კ 3.69   3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ܭҘ୷ᕉρ₧ྋᏊύӧ

25ʚคӢԛϯྋ፦ଛ࿼ᐚࣁࡋ 0.0184ਔ܌଺ޑ N-H ୷፾

ှ᛼ጕǶ 
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߄ 3.15  ӧόӕྕࡋΠǴ3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋӧҘ୷ᕉ

ρ₧ྋᏊύǴׯᡂόӕคӢԛϯྋ፦ᐚࡋਔǴ໩Ԅൂᡏǵϸ

ԄൂᡏϷᚈᡏനε֎ԏՏ࿼ǵъଯቨϷᕴ֎ԏࡋǶ 

 

T=15℃ ໩Ԅൂᡏ֎ԏঢ় ϸԄൂᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

നε 
֎ԏՏ࿼ 

ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0067 3461.2  8.6  31.4  3480.1  7.9  8.9  
0.0082 3461.0  8.7  36.6  3480.0  7.8  10.2  
0.0105 3460.2  8.6  43.6  3479.1  7.8  12.3  
0.0122 3460.8  8.4  48.4  3479.6  7.8  14.0  
0.0142 3460.3  8.6  55.4  3479.2  8.0  15.0  
0.0164 3460.0  8.4  59.2  3478.7  7.9  16.7  
0.0182 3460.9  8.4  63.4  3479.7  7.9  17.9  
0.0202 3460.0  8.3  67.9  3478.8  7.8  19.2  
0.0224 3459.9  8.3  73.0  3478.6  7.8  20.9  
0.0244 3460.3  8.3  76.7  3479.1  7.8  21.6  

 

 

 

T=15℃ ᚈᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0067 3312.5  36.8  85.8  
0.0082 3312.2  37.0  115.4  
0.0105 3311.3  37.1  164.6  
0.0122 3312.0  36.8  202.7  
0.0142 3311.6  36.8  249.6  
0.0164 3311.2  36.8  302.5  
0.0182 3311.0  36.8  347.9  
0.0202 3311.0  36.8  398.6  
0.0224 3311.0  36.9  458.1  
0.0244 3311.2  37.3  509.0  
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ௗុ߄ 3.15 

 

T=25℃ ໩Ԅൂᡏ֎ԏঢ় ϸԄൂᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

നε 
֎ԏՏ࿼ 

ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0067 3460.6  8.7  33.5  3479.4  8.1  9.6  
0.0090 3460.3  8.7  41.8  3479.3  8.0  12.3  
0.0106 3460.8  8.7  47.2  3479.6  8.1  13.6  
0.0125 3460.8  8.7  53.3  3479.7  8.1  15.5  
0.0143 3460.8  8.7  58.4  3479.7  8.1  17.1  
0.0160 3460.2  8.7  63.4  3479.1  8.0  18.5  
0.0180 3460.8  8.8  68.8  3479.7  8.1  20.2  
0.0199 3460.9  8.6  73.7  3479.7  8.1  21.4  
0.0218 3460.8  8.8  78.3  3479.7  8.1  22.8  
0.0235 3460.8  8.7  82.1  3479.7  8.1  23.9  

 

 

 

T=25℃ ᚈᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0067 3312.8  37.2  71.4  
0.0090 3312.5  37.2  112.1  
0.0106 3313.1  37.1  142.6  
0.0125 3312.7  37.2  181.2  
0.0143 3312.7  37.2  219.3  
0.0160 3312.4  37.1  256.2  
0.0180 3312.7  37.1  301.8  
0.0199 3312.8  37.1  346.4  
0.0218 3312.7  37.1  391.2  
0.0235 3312.8  37.2  433.0  
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ௗុ߄ 3.15 

 

T=35℃ ໩Ԅൂᡏ֎ԏঢ় ϸԄൂᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

നε 
֎ԏՏ࿼ 

ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0069 3460.6  8.7  35.5  3479.4  8.5  10.9  
0.0093 3461.8  8.7  44.7  3480.6  8.5  13.7  
0.0114 3461.0  8.8  51.8  3479.8  8.5  16.2  
0.0136 3461.3  8.7  59.5  3480.1  8.4  18.2  
0.0155 3461.3  8.7  65.4  3480.1  8.5  20.2  
0.0172 3461.5  8.7  70.5  3480.3  8.5  22.1  
0.0192 3461.7  8.7  76.2  3480.5  8.5  23.4  
0.0210 3461.4  8.7  81.6  3480.2  8.5  24.9  
0.0230 3461.6  8.7  86.5  3480.3  8.6  26.5  
0.0248 3461.5  8.7  90.8  3480.3  8.5  28.2  

 

 

 

T=35℃ ᚈᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0069 3313.4  37.3  62.6  
0.0093 3314.6  37.3  99.8  
0.0114 3313.8  37.5  135.7  
0.0136 3314.3  37.3  176.4  
0.0155 3314.1  37.4  214.3  
0.0172 3314.0  37.4  247.7  
0.0192 3314.4  37.5  288.9  
0.0210 3314.1  37.5  328.1  
0.0230 3314.5  37.4  372.0  
0.0248 3314.0  37.5  413.4  
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ௗុ߄ 3.15 

 

T=45℃ ໩Ԅൂᡏ֎ԏঢ় ϸԄൂᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

നε 
֎ԏՏ࿼ 

ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0069 3460.9  9.0  37.7  3480.0  8.7  12.0  
0.0084 3461.5  8.9  44.5  3480.4  8.7  14.2  
0.0102 3461.8  8.9  52.2  3480.7  8.6  16.6  
0.0119 3461.5  9.1  59.1  3480.5  8.6  18.8  
0.0138 3461.3  9.1  66.2  3480.2  8.7  21.1  
0.0156 3461.9  8.9  73.1  3480.7  8.7  23.2  
0.0171 3461.7  9.0  78.2  3480.6  8.7  24.8  
0.0190 3461.3  8.9  84.7  3480.2  8.7  26.9  
0.0210 3461.8  8.9  91.0  3480.6  8.7  29.1  
0.0231 3461.1  8.9  98.2  3479.9  8.7  31.1  

 

 

 

T=45℃ ᚈᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0069 3314.3  37.9  44.1  
0.0084 3315.5  37.4  61.4  
0.0102 3315.5  37.7  84.2  
0.0119 3314.9  37.9  108.0  
0.0138 3315.0  37.9  136.3  
0.0156 3315.3  37.7  165.0  
0.0171 3315.1  37.7  189.7  
0.0190 3315.0  37.8  222.5  
0.0210 3315.5  37.8  258.0  
0.0231 3314.7  37.9  297.1  
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    җܭϩηਁ୏ౢ܌ғޑ֎ԏӀ᛼ӧ਻ᄊ (gas phase) ᆶӧྋᏊރ

ᄊ (condensed phase) ΠԖ܌όӕǴӢԜϩηྋှܭόӕྋᏊس಍Πਔ

໪ԵቾྋᏊਏᔈǶਥᏵ KBM (Kirkwood-Bauer-Magat) ౛ፕ 47,48ёޕǴ

ճҔ IR Ӏ᛼ୀෳډ੝ૈ۔ۓ୷ਁ୏ᓎ౗Տ࿼ᆶྋᏊϟႝதኧޑᜢ߯

ࣁ
)12(

)1(

+
−−=

D

D
Cνν o

obs Ǵځύ obs
ν ୷നε֎ԏঢ়Տ࿼Ǵૈ۔ۓ੝ډᢀෳࣁ oν

നε֎ԏՏ࿼ǴCޑ୷ૈ۔ۓᄊਔ੝ރޜྋ፦ӧ੿ࣁ தኧǴDࣁ ྋࣁ

ᏊޑϟႝதኧǶ 

    ਥᏵપྋᏊϟႝதኧ߄ 49ǴёаளډҘ୷ᕉρ₧ޑϟႝதኧୖԵ

ኧᏵаϷس಍ܭѤᅿྕࡋΠޑϟႝதኧॶ(15 ℃Ǻ2.028Ǵ25 ℃Ǻ2.012Ǵ

35 ℃Ǻ1.996Ǵ45 ℃Ǻ1.980)ǶஒӧྋనΠᢀჸډ໩Ԅൂᡏޑ N-H ୷

՜ᕭਁ୏ᓎ౗ obs
Cν ჹ

)12(

)1(

+
−

D

D
բጕ܄଑ᘜёள 3500.1  195.33X-  Y += Ǵ่݀

ӵკ ࣁύᄒຯځҢǶ܌3.70 -1cm 3500.1 ж߄Ѧකډ D = 1ރޑᄊǴջྋ

፦ܭ੿ރޜᄊΠ໩Ԅൂᡏ N-H ୷ޑ՜ᕭਁ୏ᓎ౗ 0
Cν ǶஒӧྋనΠᢀჸ

ޑϸԄൂᡏډ N-H ୷՜ᕭਁ୏ᓎ౗ obs
tν ჹ

)12(

)1(

+
−

D

D
բጕ܄଑ᘜёள

3521.1  205.87X-  Y += Ǵ่݀ӵკ ࣁύᄒຯځҢǶ܌3.71 -1cm 3521.1 ж߄

Ѧකډ D = 1ރޑᄊǴջྋ፦ܭ੿ރޜᄊΠϸԄൂᡏ N-H ୷ޑ՜ᕭਁ

୏ᓎ౗ 0
tν Ƕ 

    җ߄ ࡋΠ໩ԄǵϸԄൂᡏനε՜ᕭਁ୏ᓎ౗όϼᒿᐚྕۓޕ3.15

ࣁϩձࡋ಍ྕسᡂǴஒׯ 15℃ǵ25℃ǵ35℃Ϸ 45℃ਔޑ໩ԄǵϸԄൂ
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ᡏനε֎ԏᓎ౗Տ࿼଺ѳ֡ǴஒѤঁྕࡋΠޑ
)12(

)1(

+
−

D

D
ॶ᏾౛ӵΠ 

 

Ҙ୷ᕉρ₧ 15℃ 25℃ 35℃ 45℃ 

(D-1) / (2D+1) 0.2033 0.2012 0.1995 0.1976 

obs
tν  / cm-1 3479.3 ± 0.3 3479.6 ± 0.1 3480.2 ± 0.1 3480.4 ± 0.1 

obs
Cν  / cm-1 3460.5 ± 0.2 3460.7 ± 0.1 3461.4 ± 0.1 3461.5 ± 0.1 

 

ྋᏊޑϟႝதኧ཮ޑࡋྕڙቹៜǴ྽եྕਔځϟႝதኧεǶҗ Onsager50

౛ፕޕ྽ྋᏊϟႝதኧቚεǴ཮೷ԋྋᏊբҔܭྋ፦ޑϸᔈ൑ R  

(reaction field) ቚεǶЪޕϸᔈ൑բҔܭྋ፦೷ԋૈໆޑΠफ़ࣁ

ν∆== h    U µR/2 Ǵ µࣁྋ፦ޑଽཱུຯǴ ν∆ Տ౽Ƕޑ՜ᕭਁ୏ᓎ౗ࣁ ν∆ ё

Ңԋ߄  hµR/2 ǴӢԜྋᏊϟႝதኧຫεǴ߾R ຫεǴ೷ԋ՜ᕭਁ୏ᓎ౗

౽Տޑ ν∆ ΨຫεǶKBM 47,48а Onsagerޑ౛ፕ྽୷ᘵǴ௢ᏤрՏ౽Ϧ

ԄǴԶҗჴᡍ่݀ޑΨᆶ౛ፕ࣬಄Ǵᒿ๱ྋᏊϟႝதኧຫεځനε՜

ᕭਁ୏ᓎ౗Տ౽Ψ཮ቚεǶ     

    ᏾౛Ԅ (2-19) ٠ճҔКᅟۓ౛ஒ໩ԄǵϸԄᄬࠠᙯඤѳᑽதኧ 1K

᏾౛ԋ 

 

 

 constant)(
][

][

O

O

1 ×=====
C

t

t

C

C

t

C

C

t

t

C

t

Bc

Bt

A

A

ε

ε

A

A

ε

A
ε

A

c

B
c

B

c

c
K  

 
(3-7) 
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ςྕۓޕΠϸԄൂᡏǵ໩ԄൂᡏޑᕴವԸ֎ԏ߯ኧ Cε ǵ tεϷ໩Ԅൂᡏ

Ծ่ӝѳᑽதኧ 1K ΠࡋྕۓڰǴӧޕ ॶǶӢԜҗԄ (3-7)ۓࣁ Ct AA / Ψ

ࡋᐚۈ߃ॶǴόᒿۓࣁ Oc ᡂǶӵკׯ 3.72 ࣁ Ct  / AA ჹۈ߃คӢԛϯ B

ࡋଛ࿼ᐚޑ Oc ଺კǶ 

    ᏾౛Ԅ (2-22) ٠ճҔКᅟۓ౛ஒԾ่ӝѳᑽதኧ 2K ᏾౛ԋ 

 

ςྕۓޕΠ໩ԄൂᡏǵᚈᡏޑᕴವԸ֎ԏ߯ኧ Cε ǵ dε Ϸ໩ԄൂᡏԾ่

ӝѳᑽதኧ 2K ΠࡋྕۓڰǴӧޕ ॶǶӢԜҗԄ (3-8)ۓࣁ 2 / Cd AA Ψࣁ

ࡋᐚۈ߃ॶǴόᒿۓ Oc ᡂǶӵკׯ ࣁ3.73 2 / Cd AA ჹۈ߃คӢԛϯ B ޑ

ଛ࿼ᐚࡋ Oc ଺კǶ 

 

 

 

 

 

 

 

 

 constant)(
)(

  
)

   

][ 
(

 

][

2
C

d

d

O2
C

2
C2

C

C

O

d

d

2
O

O
2

22
2 ×=====

A

A

ε

cε

A

A

ε

A

c
ε

A

c

B
c

B

c

c
K d

CB

B

C

 

 

 
(3-8) 
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0.198 0.200 0.202 0.204

3459.6

3460.5

3461.4

3462.3

3463.2
νob

s

C
 / c

m
-1

(D-1) / (2D+1)
 

კ 3.70  3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋܭҘ୷ᕉρ₧ྋᏊύǴό

ӕྕࡋΠޑ໩Ԅൂᡏ֎ԏঢ়Տ࿼ obs
Cν ჹ )12( / )1( +− DD բკǴ

ύځ D  ϟႝதኧǶޑ₧Ҙ୷ᕉρࣁ

0.198 0.200 0.202 0.204

3478.2

3478.8

3479.4

3480.0

3480.6

3481.2

νob
s

t
 / c

m
-1

(D-1) / (2D+1)
 

კ 3.71  3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋܭҘ୷ᕉρ₧ྋᏊύǴό

ӕྕࡋΠϸԄൂᡏ֎ԏঢ়Տ࿼ obs
tν ჹ )12( / )1( +− DD բკǴځ

ύ D  ϟႝதኧǶޑ₧Ҙ୷ᕉρࣁ
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0.000 0.006 0.012 0.018 0.024
0.0

0.1

0.2

0.3

0.4

0.5

A
tA

C

-1

c 
O
 

 

კ 3.72   3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ܭҘ୷ᕉρ₧ྋᏊύ 1
Ct
−AA

ჹ Oc բკǶ܌ளጕ܄კǶځѤಔྕࡋϩձࣁ: (- -)288KǴ 
(- -)298KǴ(- -)308KǴ(- -)318KǶ 

0.000 0.006 0.012 0.018 0.024
0.00

0.04

0.08

0.12

A
d A

C

-2
 / 

cm
2

c
O
 

 

კ 3.73   3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋܭҘ୷ᕉρ₧ྋᏊύ
2

Cd
−AA ჹ Oc բკǶ܌ளጕ܄კǶځѤಔྕࡋϩձࣁ: (-

-)288KǴ (- -)298KǴ(- -)308KǴ(- -)318KǶ 
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 ॺஒϦԄ (2-33)ǵϦԄ (2-36)ǵϦԄ (2-39) ᏾౛ӵΠך    

 

 

 
O

C

1
2O2

C

2

C

O 1

)(

2

cε

K
A

cε

K

A

c
C

++=
 

 

O
t1

1
C2O

tC1

2

t

O 1

)(

2

cεK

K
A

cεεK

K

A

c ++=
 

 

O
d

1/2
d1/2O1/2

d
1/2
2

1

d

O 2

)(

1

cε
A

cεK

K

A

c ++= −  

 
(2-33) 
 
 
(2-36) 
 
 
(2-39) 
 

     

җךܭॺคݤճҔԄ (2-33)ǵԄ (2-36) ϷԄ (2-39) ޑ௹౗ᆶᄒຯ؃

ள໩ԄǵϸԄᕴವԸ֎ԏ߯ኧǵᄬࠠᙯඤѳᑽதኧ 1K ϷൂᚈԾ่ӝѳ

ᑽதኧ 2K ǶଏԶځ؃ԛǴךॺճҔჴᡍଛӝ౛ፕीᆉޑБԄǴஒᄬࠠ

ᙯඤѳᑽதኧ 1K ؃рǴаှрӀ᛼ୖኧ Cε ǵ tεϷ዗ΚᏢୖኧ 2K ǶӀ᛼

ୖኧ dε  Ƕ೸ၸԄ (3-7) ӵΠډᐱҥᡂኧǴёаҗԄ (2-39) ளࢂ

 

࿶җ೬ᡏёа፾ှआѦӀ᛼ၗ਑Ǵளډ໩ԄǵϸԄൂᡏ֎ԏࡋ CA ǵ tA Ǵ

ЪᙖҗѠε᝵ܴד௲௤ޑᔅԆǴૈ ճҔ౛ፕीᆉޑБԄ؃р໩Ԅᆶϸ

Ԅޑᕴ֎ԏ߯ኧК
tC
εε / ǴӢԜᄬࠠᙯඤѳᑽதኧ 1K ջё؃рǶஒளډ

ޑ 1K жΕԄ (2-33)ǵԄ (2-36) ǵԄ (2-39) ύ؃ள໩Ԅൂᡏ֎ԏ߯ኧ

Cε ǵϸԄൂᡏ֎ԏ߯ኧ tεǵᚈᡏ֎ԏ߯ኧ dε ǵ໩ԄൂᡏԾ่ӝѳᑽத

 

 
t

C

C

t

ε

ε

A

A
K =1  

 

(3-7) 
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ኧ 2 K Ƕ 

    კ ߄ճҔࣁ3.74 3.15ύྕۓΠǴ໩Ԅൂᡏӧ֎ԏ஥ޑᕴ֎ԏࡋ

CA ǴжΕ໩ԄൂᡏޑϦԄ (2-33)Ǵ٠а CO /   Y Ac= ჹ CA  X = ଺ጕ܄კǶ

კ ߄ճҔࣁ3.75 3.15ύྕۓΠǴϸԄǵ໩Ԅൂᡏӧ֎ԏ஥ޑᕴ֎ԏ

ࡋ tA ǵ CA ǴжΕϸԄൂᡏޑϦԄ (2-36)Ǵ٠а tO /   Y Ac= ჹ CA  X = ଺ጕ

კǶკ܄ ߄ճҔࣁ3.76 3.15ύྕۓΠǴᚈᡏӧ֎ԏ஥ޑᕴ֎ԏࡋ dA Ǵ

жΕᚈᡏޑϦԄ (2-39)Ǵ٠а dO /   Y Ac= ჹ 1/2
d  X −= A ଺ጕ܄კǶ 

߄ܭ዗ΚᏢୖኧǵӀ᛼ୖኧӈע     3.16ύǶஒόӕྕࡋΠޑᄬࠠᙯ

ඤѳᑽதኧ 1K ǵൂᡏԾ่ӝѳᑽதኧ 2 K ଺ van’t Hoff კǴ
 

R

S

TR

H
K

OO 1
   ln

∆+∆−= Ƕа K ln  Y = ჹ
T

1
X = ଺ጕ܄კǴளډ௹౗

R

H O∆− Ϸ

ᄒຯ
R

S O∆
ǶӢԜҗ௹౗ǵᄒຯёаϩձ؃рൂᡏᄬࠠᙯඤޑ኱ྗ₲ O

1H∆

Ϸ⪖ O
1S∆ ǵ໩ԄൂᡏԾ่ӝޑ኱ྗ₲ O

2H∆ Ϸ⪖ O
2S∆ Ƕ 

    კ ࣁ3.77 1 ln K ჹ
T

1
଺ van’t Hoff კǶ߄ 3.16ёа࣮рǴҗൂᡏᄬ

ࠠᙯඤѳᑽதኧॶ؃рޑ₲ O
1H∆ Ϸ⪖ O

1S∆ ϩձࣁ -1molJ  3.26k ᆶ

-1-1 KmolJ  1.3 Ƕ྽ྕࡋϲଯਔǴ཮٬ൂᡏᄬࠠᙯඤѳᑽதኧ K1ॶᡂεǴ

ቚуྕ٬ࡋள໩ԄൂᡏᕇளૈޑໆຫӭǴ٬ϐૈլܺૈምᙯԋϸԄᄬ

ࠠǴቚуΑϸԄۚޑໆǴҗ؃рޕ₲ޑǴ໩ԄൂᡏᙯԋϸԄൂᡏࣁ֎

዗ϸᔈǶ 
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    კ ࣁ3.78 2 ln K ჹ
T

1
଺ van’t Hoff კǶ߄ 3.16ёа࣮рǴൂᡏԾ่

ӝ ѳ ᑽ த ኧ ॶ ؃ р ޑ ₲ O
2H∆ Ϸ ⪖ O

2S∆ ϩ ձ ࣁ -1molJ   25.9- k ᆶ

-1-1 KmolJ  51.1− Ƕӵ߄ 3.14Ǵ྽ྕࡋϲଯਔǴ཮٬໩ԄൂᡏԾ่ӝѳᑽ

தኧ K2ॶᡂλǴफ़եԾ่ӝ׎ޑԋǴӢԜዴᇡҗణᗖ׎ԋޑԾ่ӝࣁ

 ዗ϸᔈǶܫ
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კ3.74   җϦԄ (2-33) ܌ளϐ3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋܭ

Ҙ୷ᕉρྋᏊύ܌ளጕ܄კǶځѤಔྕࡋϩձࣁ : (-
-)288KǴ (- -)298KǴ(- -)308KǴ(- -)318KǶ 

0 20 40 60 80 100
0.0000
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0.0006

0.0009

0.0012
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c O
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 /  

cm
2

A
C
 / cm-2

 

კ3.75   җϦԄ (2-36) ܌ளϐ3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋܭ

Ҙ୷ᕉρ₧ྋᏊύ܌ளጕ܄კǶځѤಔྕࡋϩձࣁ: (-
-)288KǴ (- -)298KǴ(- -)308KǴ(- -)318KǶ 
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კ3.76   җϦԄ (2-39) ܌ளϐ3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋܭ

Ҙ୷ᕉρ₧ྋᏊύ܌ளጕ܄კǶځѤಔྕࡋϩձࣁ: (-
-)288KǴ (- -) 298KǴ(- -)308KǴ(- -)318KǶ 
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კ 3.77   3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋܭҘ୷ᕉρ₧ྋᏊύ

van’t Hoff კǶK1ൂࣁᡏᄬࠠᙯඤޑѳᑽதኧǶ 
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კ 3.78  3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋܭҘ୷ᕉρ₧ྋᏊύ

van’t Hoff კǶK2ࣁ໩ԄൂᡏԾ่ӝޑѳᑽதኧǶ 
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ᡏ
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ࠠ
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3.4.4   3,5-ΒҘ୷ΒҘ୷ΒҘ୷ΒҘ୷-1H-㞓ࠗ㞓ࠗ㞓ࠗ㞓ࠗ-2-ҘҘҘҘለΌ✊ለΌ✊ለΌ✊ለΌ✊ྋܭᕉρ₧ྋనྋܭᕉρ₧ྋనྋܭᕉρ₧ྋనྋܭᕉρ₧ྋన 

    Ԝس಍ϩձӧ 15℃ǵ25℃ǵ35℃Ϸ 45℃฻ѤঁόӕྕࡋΠ຾Չჴ

ᡍǶᐚࡋҗ molality (m) ᙯඤࣁ morality (M) ࢂਥᏵᕉρ₧ӧόӕྕ

ԵኧᏵୖࣁࡋஏޑΠࡋ 41(15℃Ǻ0.7820Ǵ25℃Ǻ0.7731Ǵ35℃Ǻ0.7641Ǵ

45℃Ǻ0.7549 g mL-1)Ƕۓက m = (ྋ፦ವԸኧ/mol) / (ྋᏊख़ໆ/kg)ǴM = 

(ྋ፦ವԸኧ/mol) / (ྋనᡏᑈ/L)Ƕ(ᡏ୷ವԸᐚࡋ/M) = m× (ྋᏊख़ໆ

/kg) / (ྋనᡏᑈ/L)ǴԶӧีᖓྋనύǴଷ೛ྋనᡏ୷ऊ฻ܭྋᏊᡏ୷ Ǵ

ӢԜځᙯඤϦԄM   ≈ m× (ྋᏊख़ໆ/kg) / (ྋᏊᡏ୷/L) = m×ྋᏊஏࡋ ρǶ

კ ࣁ3.79 15℃ਔǴคӢԛϯྋ፦ޑଛ࿼ᐚࡋϩձࣁ 0.0284ǵ0.0236ǵ

0.0189ǵ0.0138Ϸ 0.0085ਔྋ፦ޑ NH ୷ IR ֎ԏӀ᛼Ƕ 

    კ 3.80 ࣁ 15 ℃ਔǴคӢԛϯྋ፦ޑଛ࿼ᐚࣁࡋ 0.0263ਔǴஒ

NH ୷ޑ໩ԄൂᡏǵϸԄൂᡏϷᚈᡏ֎ԏϐख़᠄೽ϩǴа Galaticрࠔ

ޑ PeakSolve GRAMS32 AI೬ᡏǴճҔଯථ—മউ૟(Gauss-Lorentz)ష

ӝ፾ှϩթԔጕϦԄ܌ϩᚆϐკ׎Ǵځύҗၨଯ֎ԏᓎ౗Կၨե֎ԏ

ᓎ౗ϩձࣁϸԄൂᡏǵ໩Ԅൂᡏ֎ԏঢ়Ϸᚈᡏ֎ԏঢ়Ƕ 

߄     ளϐ໩ԄǵϸԄ܌ࡕࡋΠǴෳໆΜಔᐚࡋӧѤᅿόӕྕࣁ3.17

ൂᡏϷᚈᡏޑനε֎ԏՏ࿼ǵъଯቨаϷᕴ֎ԏࡋǶ 
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კ 3.79  3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋܭᕉρ₧ྋᏊύǴ15ʚਔ

ෳள܌ N-H ୷ޑ IR Ӏ᛼კǶคӢԛϯྋ፦ଛ࿼ᐚࡋϩձ

0.0284ǵ 0.0236ǵ0.0189ǵ0.0138Ϸ:ࣁ 0.0085Ƕ 
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კ3.80  3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ܭᕉρ₧ྋᏊύӧ15ʚคӢ

ԛϯྋ፦ଛ࿼ᐚ0.0263 ࣁࡋਔ܌଺ޑ N-H ୷፾ှ᛼ጕǶ 
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߄ 3.17  ӧόӕྕࡋΠǴ3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋӧᕉρ₧

ྋᏊύǴׯᡂόӕྋ፦ޑଛ࿼ᐚࡋਔǴ໩ԄൂᡏǵϸԄൂᡏ

Ϸᚈᡏനε֎ԏՏ࿼ǵъଯቨϷᕴ֎ԏࡋǶ 

 

T=15℃ ໩Ԅൂᡏ֎ԏঢ় ϸԄൂᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

നε 
֎ԏՏ࿼ 

ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0085 3460.3  7.6  36.2  3478.8  7.7  14.2  
0.0112 3460.7  7.7  44.4  3479.2  7.8  17.3  
0.0138 3460.6  7.6  50.9  3479.2  7.6  20.2  
0.0165 3460.2  7.6  58.6  3478.7  7.8  22.1  
0.0189 3459.6  7.6  64.3  3478.1  7.7  25.1  
0.0212 3459.8  7.6  69.3  3478.2  7.7  27.0  
0.0236 3460.0  7.6  74.6  3478.4  7.7  29.1  
0.0262 3460.2  7.6  79.4  3478.7  7.7  31.1  

 

 

 

T=15℃ ᚈᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0085 3312.5  36.5  114.4  
0.0112 3312.7  36.5  171.1  
0.0138 3312.5  36.7  229.7  
0.0165 3312.6  36.6  293.8  
0.0189 3311.5  36.7  352.9  
0.0212 3311.9  36.6  411.5  
0.0236 3312.4  36.8  474.1  
0.0262 3312.2  36.8  542.8  
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ௗុ߄ 3.17 

 

T=25℃ ໩Ԅൂᡏ֎ԏঢ় ϸԄൂᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

നε 
֎ԏՏ࿼ 

ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0079 3460.7  7.7  34.0  3479.4  7.8  13.7  
0.0100 3460.6  7.7  40.7  3479.2  7.8  16.5  
0.0116 3460.4  7.7  45.5  3479.0  7.9  18.4  
0.0141 3460.5  7.7  52.5  3479.2  7.8  21.3  
0.0159 3460.3  7.7  57.0  3478.9  7.9  22.9  
0.0175 3460.3  7.7  61.3  3478.9  7.9  24.7  
0.0198 3460.6  7.7  66.5  3479.2  7.9  26.8  
0.0215 3459.9  7.7  70.4  3478.5  7.9  28.3  
0.0238 3461.4  7.7  75.8  3480.0  7.9  30.5  
0.0263 3459.9  7.7  81.3  3478.5  7.9  32.5  

 

 

 

T=25℃ ᚈᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0079 3313.6  37.1  86.1  
0.0100 3313.5  37.1  123.7  
0.0116 3313.2  37.2  154.7  
0.0141 3313.2  37.3  205.3  
0.0159 3313.0  37.3  244.1  
0.0175 3312.5  37.1  279.3  
0.0198 3313.1  37.2  332.1  
0.0215 3312.7  37.1  371.9  
0.0238 3314.1  37.1  427.2  
0.0263 3312.7  37.4  488.7  
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ௗុ߄ 3.17 

 

T=35℃ ໩Ԅൂᡏ֎ԏঢ় ϸԄൂᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

നε 
֎ԏՏ࿼ 

ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0064 3461.0  7.9  30.0  3479.8  7.9  12.5  
0.0085 3460.9  7.8  37.3  3479.6  8.0  15.7  
0.0104 3460.9  7.9  44.5  3479.6  8.0  18.6  
0.0122 3460.4  7.8  50.2  3479.1  7.9  21.0  
0.0142 3460.9  7.9  56.6  3479.7  7.9  23.6  
0.0159 3460.7  7.8  61.8  3479.3  7.9  25.2  
0.0178 3460.6  7.8  66.8  3479.3  8.0  27.9  
0.0198 3461.4  7.8  72.3  3480.1  7.9  30.6  
0.0217 3460.9  7.8  77.3  3479.6  8.0  32.6  
0.0234 3461.0  7.8  81.9  3479.7  7.9  34.0  

 

 

 

T=35℃ ᚈᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0064 3314.7  37.3  48.0  
0.0085 3315.0  37.5  76.5  
0.0104 3314.2  37.6  105.0  
0.0122 3314.2  37.5  135.0  
0.0142 3314.5  37.7  170.2  
0.0159 3314.7  37.6  202.1  
0.0178 3314.5  37.5  238.7  
0.0198 3314.9  37.7  278.7  
0.0217 3314.2  37.6  317.7  
0.0234 3314.9  37.7  354.2  
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ௗុ߄ 3.17 

 

T=45℃ ໩Ԅൂᡏ֎ԏঢ় ϸԄൂᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

നε 
֎ԏՏ࿼ 

ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0081 3461.1  8.1  36.3  3479.9  8.1  15.9  
0.0094 3461.9  8.1  40.7  3480.7  8.1  18.0  
0.0117 3460.9  8.1  49.2  3479.6  8.0  21.1  
0.0138 3460.2  8.1  56.4  3479.0  8.1  24.5  
0.0157 3460.5  8.1  62.3  3479.2  8.1  27.3  
0.0176 3461.4  8.1  68.4  3480.2  8.1  29.7  
0.0198 3461.2  8.1  74.7  3479.9  8.1  32.2  
0.0214 3461.3  8.0  79.1  3480.0  8.1  34.4  
0.0237 3461.1  8.0  85.1  3479.8  8.1  37.1  
0.0257 3461.6  8.0  90.2  3480.3  8.1  39.4  

 

 

 

T=45℃ ᚈᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0081 3315.5  37.9  56.9  
0.0094 3316.5  38.4  72.9  
0.0117 3315.7  38.3  104.2  
0.0138 3314.8  38.1  135.5  
0.0157 3315.0  38.3  165.7  
0.0176 3315.7  38.2  197.2  
0.0198 3315.7  38.4  236.1  
0.0214 3316.0  38.2  265.4  
0.0237 3315.8  38.3  306.5  
0.0257 3316.2  38.3  347.8  
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    җܭϩηਁ୏ౢ܌ғޑ֎ԏӀ᛼ӧ਻ᄊ (gas phase) ᆶӧྋᏊރ

ᄊ (condensed phase) ΠԖ܌όӕǴӢԜϩηྋှܭόӕྋᏊس಍Πਔ

໪ԵቾྋᏊਏᔈǶਥᏵ KBM (Kirkwood-Bauer-Magat) ౛ፕ 47,48ёޕǴ

ճҔ IR Ӏ᛼ୀෳډ੝ૈ۔ۓ୷ਁ୏ᓎ౗Տ࿼ᆶྋᏊϟႝதኧޑᜢ߯

ࣁ
)12(

)1(

+
−−=

D

D
Cνν o

obs Ǵځύ obs
ν ୷നε֎ԏঢ়Տ࿼Ǵૈ۔ۓ੝ډᢀෳࣁ oν

നε֎ԏՏ࿼ǴCޑ୷ૈ۔ۓᄊਔ੝ރޜྋ፦ӧ੿ࣁ தኧǴDࣁ ྋࣁ

ᏊޑϟႝதኧǶ 

    ਥᏵપྋᏊϟႝதኧ߄ 49Ǵёаளډᕉρ₧ޑϟႝதኧୖԵኧᏵ

аϷس಍ܭѤᅿྕࡋΠޑϟႝதኧॶ(15 ℃Ǻ2.031Ǵ25 ℃Ǻ2.015Ǵ

35 ℃Ǻ1.999Ǵ45 ℃Ǻ1.983)ǶஒӧྋనΠᢀჸډ໩Ԅൂᡏޑ N-H ୷

՜ᕭਁ୏ᓎ౗ obs
Cν ჹ

)12(

)1(

+
−

D

D
բጕ܄଑ᘜёள 3495.0  170.9X-  Y += Ǵ่ ݀ӵ

კ ࣁύᄒຯځҢǶ܌3.81 -1cm 3495.0 ж߄Ѧකډ D = 1ރޑᄊǴջྋ፦

ᄊΠ໩Ԅൂᡏރޜ੿ܭ N-H ୷ޑ՜ᕭਁ୏ᓎ౗ 0
Cν ǶஒӧྋనΠᢀჸډ

ϸԄൂᡏޑ N-H ୷՜ᕭਁ୏ᓎ౗ obs
tν ჹ

)12(

)1(

+
−

D

D
բጕ܄଑ᘜёள

3523.0  217.7X-  Y += Ǵ่݀ӵკ ࣁύᄒຯځҢǶ܌3.82 -1cm 3523.0 ж߄Ѧ

කډ D = 1ރޑᄊǴջྋ፦ܭ੿ރޜᄊΠϸԄൂᡏ N-H ୷ޑ՜ᕭਁ୏

ᓎ౗ 0
tν Ƕ 

    җ߄ ࡋΠ໩ԄǵϸԄൂᡏനε՜ᕭਁ୏ᓎ౗όϼᒿᐚྕۓޕ3.17

ࣁϩձࡋ಍ྕسᡂǴஒׯ 15 ℃ǵ25 ℃ǵ35 ℃Ϸ 45 ℃ਔޑ໩Ԅǵϸ
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Ԅൂᡏനε֎ԏᓎ౗Տ࿼଺ѳ֡ǴஒѤঁྕࡋΠޑ
)12(

)1(

+
−

D

D
ॶ᏾౛ӵΠ 

 

ᕉρ₧ 15℃ 25℃ 35℃ 45℃ 

(D-1) / (2D+1) 0.2036 0.2018 0.1998 0.1979 

obs
tν  / cm-1 3478.7 ± 0.2 3479.1 ± 0.2 3479.6 ± 0.1 3479.9 ± 0.2 

obs
Cν  / cm-1 3460.2 ± 0.1 3460.5 ± 0.2 3460.9 ± 0.1 3461.1 ± 0.3 

 

ྋᏊޑϟႝதኧ཮ޑࡋྕڙቹៜǴ྽եྕਔځϟႝதኧεǶҗ Onsager50

౛ፕޕ྽ྋᏊϟႝதኧቚεǴ཮೷ԋྋᏊբҔܭྋ፦ޑϸᔈ൑ R  

(reaction field) ቚεǶЪޕϸᔈ൑բҔܭྋ፦೷ԋૈໆޑΠफ़ࣁ

ν∆== h    U µR/2 Ǵ µࣁྋ፦ޑଽཱུຯǴ ν∆ Տ౽Ƕޑ՜ᕭਁ୏ᓎ౗ࣁ ν∆ ё

Ңԋ߄  hµR/2 ǴӢԜྋᏊϟႝதኧຫεǴ߾R ຫεǴ೷ԋ՜ᕭਁ୏ᓎ౗

౽Տޑ ν∆ ΨຫεǶKBM 47,48а Onsagerޑ౛ፕ྽୷ᘵǴ௢ᏤрՏ౽Ϧ

ԄǴԶҗჴᡍ่݀ޑΨᆶ౛ፕ࣬಄Ǵᒿ๱ྋᏊϟႝதኧຫεځനε՜

ᕭਁ୏ᓎ౗Տ౽Ψ཮ቚεǶ     

    ᏾౛Ԅ (2-19) ٠ճҔКᅟۓ౛ஒ໩ԄǵϸԄᄬࠠᙯඤѳᑽதኧ 1K

᏾౛ԋ 
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ςྕۓޕΠϸԄൂᡏǵ໩ԄൂᡏޑᕴವԸ֎ԏ߯ኧ Cε ǵ tεϷ໩ԄൂᡏԾ

่ӝѳᑽதኧ 1K ΠࡋྕۓڰǴӧޕ ॶǶӢԜҗԄ (3-7)ۓࣁ Ct  / AA Ψࣁ

ࡋᐚۈ߃ॶǴόᒿۓ Oc ᡂǶӵკׯ ࣁ3.83 Ct AA / ჹۈ߃คӢԛϯ B ޑ

ଛ࿼ᐚࡋ Oc ଺კǶ 

    ᏾౛Ԅ (2-22) ٠ճҔКᅟۓ౛ஒԾ่ӝѳᑽதኧ 2K ᏾౛ԋ 

 

ςྕۓޕΠ໩ԄൂᡏǵᚈᡏޑᕴವԸ֎ԏ߯ኧ Cε ǵ dε Ϸ໩ԄൂᡏԾ่

ӝѳᑽதኧ 2K ΠࡋྕۓڰǴӧޕ ॶǶӢԜҗԄ (3-8)ۓࣁ 2 / Cd AA Ψࣁ

ࡋᐚۈ߃ॶǴόᒿۓ Oc ᡂǶӵკׯ ࣁ3.84 2 / Cd AA ჹۈ߃คӢԛϯ B ޑ

ଛ࿼ᐚࡋ Oc ଺კǶ 
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კ 3.81  3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋܭᕉρ₧ྋᏊύǴόӕྕ

໩Ԅൂᡏനε֎ԏঢ়Տ࿼ޑΠࡋ obs
Cν ჹ )12( / )1( +− DD բკǴ

ύځ D  ϟႝதኧǶޑ₧ᕉρࣁ
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კ 3.82  3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋܭᕉρ₧ྋᏊύǴόӕྕ

ϸԄൂᡏനε֎ԏঢ়Տ࿼ޑΠࡋ obs
tν ჹ )12( / )1( +− DD բკǴ

ύځ D  ϟႝதኧǶޑ₧ᕉρࣁ
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კ3.83  3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋܭᕉρ₧ྋᏊύ 1
Ct
−AA ჹ Oc

բკǶځѤಔྕࡋϩձࣁ: (- -)288KǴ (- -)298KǴ (-
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კ 3.84  3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋܭᕉρ₧ྋᏊύ 2−
Cd AA ჹ

Oc բკǶځѤಔྕࡋϩձࣁ: (- -)288KǴ (- -)298KǴ(-
-)308KǴ(- -)318KǶ 
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 ॺஒϦԄ (2-33)ǵϦԄ (2-36)ǵϦԄ (2-39) ᏾౛ӵΠך    
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(2-33) 
 
 
(2-36) 
 
 
(2-39) 
 

     

җךܭॺคݤճҔԄ (2-33)ǵԄ (2-36) ϷԄ (2-39) ޑ௹౗ᆶᄒຯ؃

ள໩ԄǵϸԄᕴವԸ֎ԏ߯ኧǵᄬࠠᙯඤѳᑽதኧ 1K ϷൂᚈԾ่ӝѳ

ᑽதኧ 2K ǶଏԶځ؃ԛǴךॺճҔჴᡍଛӝ౛ፕीᆉޑБԄǴஒᄬࠠ

ᙯඤѳᑽதኧ 1K ؃рǴаှрӀ᛼ୖኧ Cε ǵ tεϷ዗ΚᏢୖኧ 2K ǶӀ᛼

ୖኧ dε  Ƕ೸ၸԄ (3-7) ӵΠډᐱҥᡂኧǴёаҗԄ (2-39) ளࢂ

 

࿶җ೬ᡏёа፾ှआѦӀ᛼ၗ਑Ǵளډ໩ԄǵϸԄൂᡏ֎ԏࡋ CA ǵ tA Ǵ

ЪᙖҗѠε᝵ܴד௲௤ޑᔅԆǴૈ ճҔ౛ፕीᆉޑБԄ؃р໩Ԅᆶϸ

Ԅޑᕴ֎ԏ߯ኧК tC εε  / ǴӢԜᄬࠠᙯඤѳᑽதኧ 1K ջё؃рǶஒள

ޑډ 1K жΕԄ (2-33)ǵԄ (2-36) ǵԄ (2-39) ύ؃ள໩Ԅൂᡏ֎ԏ߯

ኧ Cε ǵϸԄൂᡏ֎ԏ߯ኧ tεǵᚈᡏ֎ԏ߯ኧ dε ǵ໩ԄൂᡏԾ่ӝѳᑽ

 

 
t
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t

ε

ε
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தኧ 2 K Ƕ 

    კ ߄ճҔࣁ3.85 3.17ύྕۓΠǴ໩Ԅൂᡏӧ֎ԏ஥ޑᕴ֎ԏࡋ

CA ǴжΕ໩ԄൂᡏޑϦԄ (2-33)Ǵ٠а CO /   Y Ac= ჹ CA  X = ଺ጕ܄კǶ

კ ߄ճҔࣁ3.86 3.17ύྕۓΠǴϸԄǵ໩Ԅൂᡏӧ֎ԏ஥ޑᕴ֎ԏ

ࡋ tA ǵ CA ǴжΕϸԄൂᡏޑϦԄ (2-36)Ǵ٠а tO /   Y Ac= ჹ CA  X = ଺ጕ

კǶკ܄ ߄ճҔࣁ3.87 3.17ύྕۓΠǴᚈᡏӧ֎ԏ஥ޑᕴ֎ԏࡋ dA Ǵ

жΕᚈᡏޑϦԄ (2-39)Ǵ٠а dO /   Y Ac= ჹ 1/2
d  X −= A ଺ጕ܄კǶ 

߄ܭ዗ΚᏢୖኧǵӀ᛼ୖኧӈע     3.18ύǶஒόӕྕࡋΠޑᄬࠠᙯ

ඤѳᑽதኧ 1K ǵൂᡏԾ่ӝѳᑽதኧ 2K ଺ van’t Hoff კǴ
 

R

S

TR

H
K

OO 1
   ln

∆+∆−= Ƕа K ln  Y = ჹ 
T

1
  X =  ଺ጕ܄კǴளډ௹౗

R

H O∆− Ϸ

ᄒຯ
R

S O∆
ǶӢԜҗ௹౗ǵᄒຯёаϩձ؃рൂᡏᄬࠠᙯඤޑ኱ྗ₲ O

1H∆

Ϸ⪖ O
1S∆ ǵ໩ԄൂᡏԾ่ӝޑ኱ྗ₲ O

2H∆ Ϸ⪖ O
2S∆ Ƕ 

    კ ࣁ3.88 1 ln K ჹ
T

1
଺ van’t Hoff კǶ߄ 3.18ёа࣮рǴҗൂᡏᄬ

ࠠᙯඤѳᑽதኧॶ؃рޑ₲ O
1H∆ Ϸ⪖ O

1S∆ ϩձࣁ -1molJ  2.80k ᆶ

-1-1 KmolJ  2.48 Ƕ྽ྕࡋϲଯਔǴ཮٬ൂᡏᄬࠠᙯඤѳᑽதኧ K1ॶᡂεǴ

ቚуྕ٬ࡋள໩ԄൂᡏᕇளૈޑໆຫӭǴ٬ϐૈլܺૈምᙯԋϸԄᄬ

ࠠǴቚуΑϸԄۚޑໆǴҗ؃рޕ₲ޑǴ໩ԄൂᡏᙯԋϸԄൂᡏࣁ֎

዗ϸᔈǶ 
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    კ ࣁ3.89 2 ln K ჹ
T

1
଺ van’t Hoff კǶ߄ 3.18ёа࣮рǴൂᡏԾ่

ӝ ѳ ᑽ த ኧ ॶ ؃ р ޑ ₲ O
2H∆ Ϸ ⪖ O

2S∆ ϩ ձ ࣁ -1molJ   23.7- k ᆶ

-1-1 KmolJ  44.0− Ƕӵ߄ 3.18Ǵ྽ྕࡋϲଯਔǴ཮٬໩ԄൂᡏԾ่ӝѳᑽ

தኧ K2ॶᡂλǴफ़եԾ่ӝ׎ޑԋǴӢԜዴᇡҗణᗖ׎ԋޑԾ่ӝࣁ

 ዗ϸᔈǶܫ
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კ 3.85  җϦԄ (2-33) ܌ளϐ 3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋܭ

ᕉρ₧ྋᏊύ܌ளጕ܄კǶځѤಔྕࡋϩձࣁ: (- -)288KǴ
(- -)298KǴ(- -)308KǴ(- -)318KǶ 
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კ 3.86  җϦԄ (2-36) ܌ளϐ 3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋܭ

ᕉρ₧ྋᏊύ܌ளጕ܄კǶځѤಔྕࡋϩձࣁ: (- -)288KǴ
(- -)298KǴ(- -)308KǴ(- -)318KǶ 
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კ 3.87  җϦԄ (2-39) ܌ளϐ 3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋܭ

ᕉρ₧ྋᏊύ܌ளጕ܄კǶځѤಔྕࡋϩձࣁ: (- -)288KǴ
(- -)298KǴ(- -)308KǴ(- -)318KǶ 
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კ 3.88  3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋܭᕉρ₧ྋᏊύ van’t 
Hoff კǶK1ࣁᄬࠠᙯඤޑѳᑽதኧǶ 
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კ 3.89  3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ܭᕉρ₧ྋᏊύ van’t Hoff 
კǶK2ࣁ໩ԄൂᡏԾ่ӝޑѳᑽதኧǶ 
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3.4.5  3,5-ΒҘ୷ΒҘ୷ΒҘ୷ΒҘ୷-1H-㞓ࠗ㞓ࠗ㞓ࠗ㞓ࠗ-2-ҘҘҘҘለΌ✊ለΌ✊ለΌ✊ለΌ✊ྋܭѤෛΌ౎ྋనྋܭѤෛΌ౎ྋనྋܭѤෛΌ౎ྋనྋܭѤෛΌ౎ྋన 

    Ԝس಍ϩձӧ 15℃ǵ25℃ǵ35℃Ϸ 45℃฻ѤঁόӕྕࡋΠ຾Չჴ

ᡍǶᐚࡋҗ molality (m) ᙯඤࣁ morality (M) ࢂਥᏵѤෛΌ౎ӧόӕ

ԵኧᏵୖࣁࡋஏޑΠࡋྕ 41(15℃Ǻ1.6289Ǵ25℃Ǻ1.6132Ǵ35℃Ǻ1.5974Ǵ

45℃Ǻ1.5815 g mL-1)Ƕۓက m = (ྋ፦ವԸኧ/mol) / (ྋᏊख़ໆ/kg)ǴM = 

(ྋ፦ವԸኧ/mol) / (ྋనᡏᑈ/L)Ƕ(ᡏ୷ವԸᐚࡋ/M) = m× (ྋᏊख़ໆ

/kg) / (ྋనᡏᑈ/L)ǴԶӧีᖓྋనύǴଷ೛ྋనᡏ୷ऊ฻ܭྋᏊᡏ୷ Ǵ

ӢԜځᙯඤϦԄM   ≈ m× (ྋᏊख़ໆ/kg) / (ྋᏊᡏ୷/L) = m×ྋᏊஏࡋ ρǶ

კ ࣁ3.90 15 ℃ਔǴคӢԛϯྋ፦ޑଛ࿼ᐚࡋϩձࣁ 0.0207ǵ0.0171ǵ

0.0135ǵ0.0099Ϸ 0.0099ਔྋ፦ޑ NH ୷ IR ֎ԏӀ᛼Ƕ 

    კ ࣁ3.91 15℃ਔǴคӢԛϯྋ፦ޑଛ࿼ᐚࣁࡋ 0.0263ਔǴஒ NH

୷ޑ໩ԄൂᡏǵϸԄൂᡏϷᚈᡏ֎ԏϐख़᠄೽ϩǴа Galatic рޑࠔ

PeakSolve GRAMS32 AI೬ᡏǴճҔଯථ—മউ૟(Gauss-Lorentz)షӝ

፾ှϩթԔጕϦԄ܌ϩᚆϐკ׎Ǵځύҗၨଯ֎ԏᓎ౗Կၨե֎ԏᓎ

౗ϩձࣁϸԄൂᡏǵ໩Ԅൂᡏ֎ԏঢ়Ϸᚈᡏ֎ԏঢ়Ƕ 

߄     ளϐ໩ԄǵϸԄ܌ࡕࡋΠǴෳໆΜಔᐚࡋӧѤᅿόӕྕࣁ3.19

ൂᡏϷᚈᡏޑനε֎ԏՏ࿼ǵъଯቨаϷᕴ֎ԏࡋǶ 
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კ 3.90  3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋܭѤෛΌ౎ྋᏊύ Ǵ 
15ʚਔ܌ෳள N-H ୷ޑ IR Ӏ᛼კǶคӢԛϯྋ፦ଛ࿼ᐚ

0.0207ǵ0.0171ǵ 0.0135ǵ0.0099Ϸ:ࣁϩձࡋ 0.0065Ƕ 
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კ 3.91   3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋܭѤෛΌ౎ྋᏊύǴӧ

15 ʚคӢԛϯྋ፦ଛ࿼ᐚࣁࡋ 0.0099ਔ܌଺ޑ N-H ୷፾

ှ᛼ጕǶ 
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߄ 3.19  ӧόӕྕࡋΠǴ 3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋӧѤෛΌ

౎ྋᏊύǴׯᡂόӕྋ፦ޑଛ࿼ᐚࡋਔǴ໩ԄൂᡏǵϸԄൂ

ᡏϷᚈᡏനε֎ԏՏ࿼ǵъଯቨϷᕴ֎ԏࡋǶ 

 

T=15℃ ໩Ԅൂᡏ֎ԏঢ় ϸԄൂᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

നε 
֎ԏՏ࿼ 

ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0065 3455.9  15.7  38.0  3474.5  12.8  7.5  
0.0081 3455.8  15.4  45.3  3474.6  12.9  9.2  
0.0099 3455.9  15.8  52.1  3474.5  12.7  10.2  
0.0116 3455.9  15.2  59.2  3474.4  12.6  11.4  
0.0135 3455.0  15.2  65.0  3474.5  12.6  12.8  
0.0152 3455.9  15.4  70.7  3474.6  12.9  13.9  
0.0171 3455.8  15.8  77.0  3474.5  12.9  14.7  
0.0189 3456.0  15.5  82.4  3474.5  12.6  16.0  
0.0207 3455.9  15.5  87.5  3474.4  12.6  17.2  
0.0225 3455.8  15.5  91.9  3474.6  12.6  17.9  

 

 

 

T=15℃ ᚈᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0065 3310.1  41.2  73.6  
0.0081 3309.7  41.5  103.2  
0.0099 3309.8  40.9  139.2  
0.0116 3310.2  41.1  175.6  
0.0135 3309.6  40.9  219.8  
0.0152 3310.0  41.0  256.6  
0.0171 3310.0  40.7  303.0  
0.0189 3310.1  40.9  347.9  
0.0207 3310.0  40.9  392.0  
0.0225 3309.7  40.9  436.9  
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ௗុ߄ 3.19 

 
T=25℃ ໩Ԅൂᡏ֎ԏঢ় ϸԄൂᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

നε 
֎ԏՏ࿼ 

ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0071 3456.3  14.8  42.6  3474.8  13.3  8.6  
0.0093 3456.3  15.1  52.6  3474.8  13.3  10.6  
0.0114 3456.2  14.8  61.2  3474.9  13.3  12.3  
0.0135 3456.3  14.9  69.7  3474.7  13.3  14.2  
0.0156 3456.4  14.8  77.8  3474.8  13.3  15.8  
0.0175 3456.4  15.2  84.5  3474.9  13.3  17.0  
0.0195 3456.2  14.8  91.1  3474.8  13.2  18.4  
0.0216 3456.3  14.8  97.5  3474.7  13.2  19.7  
0.0235 3456.2  14.8  103.2  3474.8  13.2  21.0  
0.0257 3456.4  15.0  110.6  3474.8  13.3  22.4  

 

 

 

T=25℃ ᚈᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0071 3310.6  41.6  67.5  
0.0093 3310.8  41.9  103.1  
0.0114 3311.0  41.5  141.4  
0.0135 3310.8  41.5  181.3  
0.0156 3310.8  41.4  224.4  
0.0175 3311.0  41.6  265.7  
0.0195 3311.0  41.3  308.9  
0.0216 3310.4  41.2  355.7  
0.0235 3310.0  41.3  401.6  
0.0257 3311.3  41.3  453.8  
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ௗុ߄ 3.19 

 

T=35℃ ໩Ԅൂᡏ֎ԏঢ় ϸԄൂᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

നε 
֎ԏՏ࿼ 

ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0067 3456.7  15.3  41.7  3475.2  13.1  8.6  
0.0086 3456.6  15.0  51.1  3475.4  13.2  10.6  
0.0103 3456.8  15.0  59.2  3475.3  13.2  12.2  
0.0121 3456.7  15.3  67.3  3476.2  13.1  13.8  
0.0138 3456.7  15.2  74.3  3476.3  13.3  15.5  
0.0155 3456.8  15.2  81.3  3475.3  13.4  16.8  
0.0173 3456.7  15.1  88.0  3475.2  13.3  18.1  
0.0190 3456.8  15.0  94.5  3475.2  13.2  19.6  
0.0208 3456.6  15.1  100.7  3475.3  13.1  20.8  
0.0227 3456.6  15.1  107.2  3475.3  13.4  22.2  

 

 

T=35℃ ᚈᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0067 3312.7  42.4  50.5  
0.0086 3312.5  42.5  75.8  
0.0103 3311.4  42.3  101.5  
0.0121 3312.3  42.4  130.4  
0.0138 3312.1  42.2  159.8  
0.0155 3311.5  41.7  190.7  
0.0173 3312.0  41.7  225.2  
0.0190 3311.8  41.8  258.0  
0.0208 3311.9  41.8  294.3  
0.0227 3311.4  41.7  334.5  
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ௗុ߄ 3.19 

 

T=45℃ ໩Ԅൂᡏ֎ԏঢ় ϸԄൂᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ ᕴ֎ԏࡋ 

നε 
֎ԏՏ࿼ 

ъଯቨ ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0063 3456.9  15.3  40.5  3475.5  13.3  8.6  
0.0080 3456.9  15.1  48.9  3475.6  13.1  10.4  
0.0098 3457.0  15.3  58.6  3475.5  13.1  12.6  
0.0116 3457.1  15.0  66.4  3475.5  13.2  14.5  
0.0133 3457.0  15.1  75.1  3475.4  13.2  16.2  
0.0152 3457.0  15.1  82.4  3475.5  13.2  18.0  
0.0170 3457.1  15.2  90.4  3475.6  13.1  19.7  
0.0188 3457.0  15.0  97.0  3475.5  13.1  21.3  
0.0208 3457.1  15.0  105.0  3475.5  13.1  23.1  
0.0225 3456.9  15.3  112.1  3475.5  13.2  24.0  

 

 

 

T=45℃ ᚈᡏ֎ԏঢ় 

Oc  
നε 

֎ԏՏ࿼ 
ъଯቨ  ᕴ֎ԏࡋ 

(คൂՏ)  ( cm-1 )  ( cm-1 )  ( cm-1 ) 

0.0063 3313.9  43.2  36.2  
0.0080 3313.2  42.9  54.5  
0.0098 3312.7  42.5  76.4  
0.0116 3312.6  43.3  100.5  
0.0133 3312.4  43.1  125.2  
0.0152 3312.8  42.8  154.5  
0.0170 3312.5  42.8  184.0  
0.0188 3313.1  42.6  215.0  
0.0208 3313.3  42.4  249.8  
0.0225 3313.6  42.7  280.7  
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    җܭϩηਁ୏ౢ܌ғޑ֎ԏӀ᛼ӧ਻ᄊ (gas phase) ᆶӧྋᏊރ

ᄊ (condensed phase) ΠԖ܌όӕǴӢԜϩηྋှܭόӕྋᏊس಍Πਔ

໪ԵቾྋᏊਏᔈǶਥᏵ KBM (Kirkwood-Bauer-Magat) ౛ፕ 47,48ёޕǴ

ճҔ IR Ӏ᛼ୀෳډ੝ૈ۔ۓ୷ਁ୏ᓎ౗Տ࿼ᆶྋᏊϟႝதኧޑᜢ߯

ࣁ
)12(

)1(

+
−−=

D

D
Cνν o

obs Ǵځύ obs
ν ୷നε֎ԏঢ়Տ࿼Ǵૈ۔ۓ੝ډᢀෳࣁ oν

നε֎ԏՏ࿼ǴCޑ୷ૈ۔ۓᄊਔ੝ރޜྋ፦ӧ੿ࣁ தኧǴDࣁ ྋࣁ

ᏊޑϟႝதኧǶ 

    ਥᏵપྋᏊϟႝதኧ߄ 49ǴёаளډѤෛΌ౎ޑϟႝதኧୖԵኧ

ᏵаϷس಍ܭѤᅿྕࡋΠޑϟႝதኧॶ(15℃Ǻ2.32Ǵ25℃Ǻ2.30Ǵ35

℃Ǻ2.28Ǵ45℃Ǻ2.26)ǶஒӧྋనΠᢀჸډ໩Ԅൂᡏޑ N-H ୷՜ᕭਁ

୏ᓎ౗ obs
Cν ჹ

)12(

)1(

+
−

D

D
բጕ܄଑ᘜёள 3515.0  175.0X-  Y += Ǵ่ ݀ӵკ 3.92

ࣁύᄒຯځҢǶ܌ -1cm 3515.0 ж߄Ѧකډ D = 1ރޑᄊǴջྋ፦ܭ੿ޜ

ᄊΠ໩Ԅൂᡏރ N-H ୷ޑ՜ᕭਁ୏ᓎ౗ 0
Cν ǶஒӧྋనΠᢀჸډϸԄൂ

ᡏ ޑ N-H ୷ ՜ ᕭ ਁ ୏ ᓎ ౗ obs
tν ჹ

)12(

)1(

+
−

D

D
բ ጕ ܄ ଑ ᘜ ё ள

3499.0  185.0X-  Y += Ǵ่݀ӵკ ࣁύᄒຯځҢǶ܌3.93 -1cm 3499.0 ж߄Ѧ

කډ D = 1ރޑᄊǴջྋ፦ܭ੿ރޜᄊΠϸԄൂᡏ N-H ୷ޑ՜ᕭਁ୏

ᓎ౗ 0
tν Ƕ 

    җ߄ ࡋΠ໩ԄǵϸԄൂᡏനε՜ᕭਁ୏ᓎ౗όϼᒿᐚྕۓޕ3.19

ࣁϩձࡋ಍ྕسᡂǴஒׯ 15℃ǵ25℃ǵ35℃Ϸ 45℃ਔޑ໩ԄǵϸԄൂ
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ᡏനε֎ԏᓎ౗Տ࿼଺ѳ֡ǴЪஒѤঁྕࡋΠޑ
)12(

)1(

+
−

D

D
ॶ᏾౛ӵΠ 

 

ѤෛΌ౎ 15℃ 25℃ 35℃ 45℃ 

(D-1) / (2D+1) 0.234 0.232 0.23 0.228 

obs
tν  / cm-1 3474.5 ± 0.1 3474.8 ± 0.1 3475.3 ± 0.2 3475.5 ± 0.1 

obs
Cν  / cm-1 3455.9 ± 0.1 3456.3 ± 0.1 3456.7 ± 0.1 3457.0 ± 0.2 

 

ྋᏊޑϟႝதኧ཮ޑࡋྕڙቹៜǴ྽եྕਔځϟႝதኧεǶҗ Onsager50

౛ፕޕ྽ྋᏊϟႝதኧቚεǴ཮೷ԋྋᏊբҔܭྋ፦ޑϸᔈ൑ R  

(reaction field) ቚεǶЪޕϸᔈ൑բҔܭྋ፦೷ԋૈໆޑΠफ़ࣁ

ν∆=µ= hR 2/U Ǵ µࣁྋ፦ޑଽཱུຯǴ ν∆ Տ౽Ƕޑ՜ᕭਁ୏ᓎ౗ࣁ ν∆ ё

Ңԋ߄  hµR/2 ǴӢԜྋᏊϟႝதኧຫεǴ߾R ຫεǴ೷ԋ՜ᕭਁ୏ᓎ౗

౽Տޑ ν∆ ΨຫεǶKBM 47,48а Onsagerޑ౛ፕ྽୷ᘵǴ௢ᏤрՏ౽Ϧ

ԄǴԶҗჴᡍ่݀ޑΨᆶ౛ፕ࣬಄Ǵᒿ๱ྋᏊϟႝதኧຫεځനε՜

ᕭਁ୏ᓎ౗Տ౽Ψ཮ቚεǶ     

    ᏾౛Ԅ (2-19) ٠ճҔКᅟۓ౛ஒ໩ԄǵϸԄᄬࠠᙯඤѳᑽதኧ 1K

᏾౛ԋ 

 

 

 constant)(  

 

][
 

][

C

t

t

C

C

t

C

C

t

t

O
C

O
t
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C
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A

A

ε

ε

A

A

ε

A
ε

A

c

B
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c

c
K

B
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(3-7) 



203 
 

ςྕۓޕΠϸԄൂᡏǵ໩ԄൂᡏޑᕴವԸ֎ԏ߯ኧ Cε ǵ tεϷ໩ԄൂᡏԾ

่ӝѳᑽதኧ 1K ΠࡋྕۓڰǴӧޕ ॶǶӢԜҗԄ (3-7)ۓࣁ Ct  / AA Ψࣁ

ࡋᐚۈ߃ॶǴόᒿۓ Oc ᡂǶӵკׯ ࣁ3.94 Ct  / AA ჹۈ߃คӢԛϯ B ޑ

ଛ࿼ᐚࡋ Oc ଺კǶ 

    ᏾౛Ԅ (2-22) ٠ճҔКᅟۓ౛ஒԾ่ӝѳᑽதኧ 2K ᏾౛ԋ 

 

ςྕۓޕΠ໩ԄൂᡏǵᚈᡏޑᕴವԸ֎ԏ߯ኧ Cε ǵ dε Ϸ໩ԄൂᡏԾ่

ӝѳᑽதኧ 2K ΠࡋྕۓڰǴӧޕ ॶǶӢԜҗԄ (3-8)ۓࣁ 2 / Cd AA Ψࣁ

ࡋᐚۈ߃ॶǴόᒿۓ Oc ᡂǶӵკׯ ࣁ3.95 2 / Cd AA ჹۈ߃คӢԛϯ B ޑ

ଛ࿼ᐚࡋ Oc ଺კǶ 

 

 

 

 

 

 

 

 constant)(
)(

  
)

   

][ 
(
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C

d

d

O2
C

2
C2

C

C

O

d

d
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O

O
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22
2 ×=====

A

A

ε
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A

A

ε

A

c
ε
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c
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c
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c

c
K d

CB

B
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(3-8) 
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0.228 0.229 0.230 0.231 0.232 0.233 0.234
3455.7

3456.0

3456.3

3456.6

3456.9

3457.2
ν 

C
,o

bs
 / 

cm
-1

(D-1) / (2D+1)
 

კ 3.92   3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋܭѤෛΌ౎ྋᏊύǴόӕ

໩Ԅൂᡏ֎ԏঢ়Տ࿼ޑΠࡋྕ obs
Cν ჹ )12( / )1( +− DD բკǴ

ύځ D  ϟႝதኧǶޑѤෛΌ౎ࣁ
 

0.228 0.230 0.232 0.234

3474.0

3474.4

3474.8

3475.2

3475.6

3476.0

3476.4

ν  t,
ob

s 
/ c

m
-1

(D-1) / (2D+1)
 

კ 3.93  3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ܭѤෛΌ౎ྋᏊύǴόӕྕ

ϸԄൂᡏ֎ԏঢ়Տ࿼ޑΠࡋ obs
tν ჹ )12( / )1( +− DD բკǴځ

ύ D  ϟႝதኧǶޑѤෛΌ౎ࣁ
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0.000 0.006 0.012 0.018 0.024
0.00

0.07

0.14

0.21

0.28
A

tA
C

-1
 

c
O
 

 

კ 3.94   3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ܭѤෛΌ౎ྋᏊύ 1
Ct
−AA ჹ

Oc բკǶځѤಔྕࡋϩձࣁ: (- -)288KǴ (- -)298 KǴ(-
-)308KǴ(- -)318KǶ 

0.000 0.006 0.012 0.018 0.024
0.00

0.02

0.04

0.06

A
dA

C

-2
 / 

cm
2

c
O
 

 

კ 3.95  3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋܭѤෛΌ౎ྋᏊύ 2
Cd
−AA

ჹ Oc բკǶځѤಔྕࡋϩձࣁ: (- -)288KǴ(- -)298KǴ(-
-)308KǴ(- -)318KǶ 
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 ॺஒϦԄ (2-33)ǵϦԄ (2-36)ǵϦԄ (2-39) ᏾౛ӵΠך    

 

 

 
O

C

1
2O2

C

2

C

O 1

)(

2

cε

K
A

cε

K

A

c
C

++=
 

 

O
t1

1
C2O

tC1

2

t

O 1

)(

2

cεK

K
A

cεεK

K

A

c ++=
 

 

O
d

1/2
d1/2O1/2

d
1/2
2

1

d

O 2

)(

1

cε
A

cεK

K

A

c ++= −  

 
(2-33) 
 
 
(2-36) 
 
 
(2-39) 
 

     

җךܭॺคݤճҔԄ (2-33)ǵԄ (2-36) ϷԄ (2-39) ޑ௹౗ᆶᄒຯ؃

ள໩ԄǵϸԄᕴವԸ֎ԏ߯ኧǵᄬࠠᙯඤѳᑽதኧ 1K ϷൂᚈԾ่ӝѳ

ᑽதኧ 2K ǶଏԶځ؃ԛǴךॺճҔჴᡍଛӝ౛ፕीᆉޑБԄǴஒᄬࠠ

ᙯඤѳᑽதኧ 1K ؃рǴаှрӀ᛼ୖኧ Cε ǵ tεϷ዗ΚᏢୖኧ 2K ǶӀ᛼

ୖኧ dε  Ƕ೸ၸԄ (3-7) ӵΠډᐱҥᡂኧǴёаҗԄ (2-39) ளࢂ

 

࿶җ೬ᡏёа፾ှआѦӀ᛼ၗ਑Ǵளډ໩ԄǵϸԄൂᡏ֎ԏࡋ CA ǵ tA Ǵ

ЪᙖҗѠε᝵ܴד௲௤ޑᔅԆǴૈ ճҔ౛ፕीᆉޑБԄ؃р໩Ԅᆶϸ

Ԅޑᕴ֎ԏ߯ኧК tC εε  / Ǵ೭ኬ΋ٰᄬࠠᙯඤѳᑽதኧ 1K ջё؃рǶ

ஒளޑډ 1K жΕԄ (2-33)ǵԄ (2-36) ǵԄ (2-39) ύ؃ள໩Ԅൂᡏ֎

ԏ߯ኧ Cε ǵϸԄൂᡏ֎ԏ߯ኧ tεǵᚈᡏ֎ԏ߯ኧ dε ǵ໩ԄൂᡏԾ่ӝ

 

 
t

C

C

t

ε

ε

A

A
K =1  

 

(3-7) 
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ѳᑽதኧ 2 K Ƕ 

    კ ߄ճҔࣁ3.96 3.19ύྕۓΠǴ໩Ԅൂᡏӧ֎ԏ஥ޑᕴ֎ԏࡋ

CA ǴжΕ໩ԄൂᡏޑϦԄ (2-33)Ǵ٠а CO /   Y Ac= ჹ CA  X = ଺ጕ܄კǶ

კ ߄ճҔࣁ3.97 3.19ύྕۓΠǴϸԄǵ໩Ԅൂᡏӧ֎ԏ஥ޑᕴ֎ԏ

ࡋ tA ǵ CA ǴжΕϸԄൂᡏޑϦԄ (2-36)Ǵ٠а tO /   Y Ac= ჹ CA  X = ଺ጕ

კǶკ܄ ߄ճҔࣁ3.98 3.19ύྕۓΠǴᚈᡏӧ֎ԏ஥ޑᕴ֎ԏࡋ dA Ǵ

жΕᚈᡏޑϦԄ (2-39)Ǵ٠а dO /   Y Ac= ჹ 1/2
d  X −= A ଺ጕ܄კǶ 

߄ܭ዗ΚᏢୖኧǵӀ᛼ୖኧӈע     3.20ύǶஒόӕྕࡋΠޑᄬࠠᙯ

ඤѳᑽதኧ 1K ǵൂᡏԾ่ӝѳᑽதኧ 2 K ଺ van’t Hoff კǴ
 

R

S

TR

H
K

OO 1
   ln

∆+∆−= Ƕа K lnY = ჹ 
T

1
  X =  ଺ጕ܄კǴளډ௹౗

R

H O∆− Ϸ

ᄒຯ
R

S O∆
ǶӢԜҗ௹౗ǵᄒຯёаϩձ؃рൂᡏᄬࠠᙯඤޑ኱ྗ₲ O

1H∆

Ϸ⪖ O
1S∆ ǵ໩ԄൂᡏԾ่ӝޑ኱ྗ₲ O

2H∆ Ϸ⪖ O
2S∆ Ƕ 

    კ ࣁ3.99 1 ln K ჹ
T

1
଺ van’t Hoff კǶ߄ 3.20ёа࣮рǴҗൂᡏᄬ

ࠠᙯඤѳᑽதኧॶ؃рޑ₲ O
1H∆ Ϸ⪖ O

1S∆ ϩձࣁ -1molJ  2.43k ᆶ

-1-1 KmolJ  4.6- Ƕ྽ྕࡋϲଯਔǴ཮٬ൂᡏᄬࠠᙯඤѳᑽதኧ K1ॶᡂεǴ

ቚуྕ٬ࡋள໩ԄൂᡏᕇளૈޑໆຫӭǴ٬ϐૈլܺૈምᙯԋϸԄᄬ

ࠠǴቚуΑϸԄۚޑໆǴҗ؃рޕ₲ޑǴ໩ԄൂᡏᙯԋϸԄൂᡏࣁ֎

዗ϸᔈǶ 
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    კ ࣁ3.100 2 ln K ჹ
T

1
଺ van’t Hoff კǶ߄ 3.20ёа࣮рǴൂᡏԾ

่ӝѳᑽதኧॶ؃рޑ₲ O
2H∆ Ϸ⪖ O

2S∆ ϩձࣁ -1molJ   22.3- k ᆶ

-1-1 KmolJ  42.9− Ƕӵ߄ 3.20Ǵ྽ྕࡋϲଯਔǴ཮٬໩ԄൂᡏԾ่ӝѳᑽ

தኧ K2ॶᡂλǴफ़եԾ่ӝ׎ޑԋǴӢԜዴᇡҗణᗖ׎ԋޑԾ่ӝࣁ

 ዗ϸᔈǶܫ
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0 20 40 60 80 100 120
0.00000

0.00007

0.00014

0.00021

0.00028
c O

 A
C

-1
 / c

m
2

A
C
 / cm-2

 

კ3.96   җϦԄ (2-33) ܌ளϐ3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋܭ

ѤෛΌ౎ྋύ܌ளጕ܄კǶځѤಔྕࡋϩձࣁ: (- -)288KǴ
(- -) 298KǴ(- -)308KǴ(- -)318KǶ 

0 20 40 60 80 100 120
0.0000

0.0006

0.0012

0.0018

c O
 A

t-1
 / c

m
2

A
C
 / cm-2

 

კ3.97   җϦԄ (2-36) ܌ளϐ3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋܭ

ѤෛΌ౎ྋᏊύ܌ளጕ܄კǶځѤಔྕࡋϩձࣁ : (-
-)288KǴ (- -) 298KǴ(- -)308KǴ(- -)318KǶ 
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0.00 0.03 0.06 0.09 0.12 0.15
0.00000

0.00006

0.00012

0.00018

0.00024

c O
 A

d-1
 / c

m
2

A
d

-1/2 / cm  
კ3.98   җϦԄ (2-39) ܌ளϐ3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋܭ

ѤෛΌ౎ྋᏊύ܌ளጕ܄კǶځѤಔྕࡋϩձࣁ : (-
-)288KǴ(- -)298KǴ(- -)308KǴ(- -)318KǶ 

0.0031 0.0032 0.0033 0.0034 0.0035

-1.68

-1.62

-1.56

-1.50

-1.44

-1.38

-1.32

ln
 (

K
1)

1/T / K-1

 

კ 3.99  3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋܭѤෛΌ౎ྋᏊύ van’t 
Hoff კǶK1ࣁᄬࠠᙯඤޑѳᑽதኧǶ 
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0.00315 0.00322 0.00329 0.00336 0.00343 0.00350
3.0

3.2

3.4

3.6

3.8

4.0

4.2

4.4

ln
 (

K
2)

1/T / K-1

 

კ 3.100  3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋܭѤෛΌ౎ྋᏊύ van’t 
Hoff კǶK2ࣁ໩ԄൂᡏԾ่ӝޑѳᑽதኧǶ 
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ಃѤകಃѤകಃѤകಃѤക ჴᡍӀ᛼ୖኧჴᡍӀ᛼ୖኧჴᡍӀ᛼ୖኧჴᡍӀ᛼ୖኧǵǵǵǵ዗ΚᏢୖኧϷ౛ፕीᆉ่݀ޑ௖૸዗ΚᏢୖኧϷ౛ፕीᆉ่݀ޑ௖૸዗ΚᏢୖኧϷ౛ፕीᆉ่݀ޑ௖૸዗ΚᏢୖኧϷ౛ፕीᆉ่݀ޑ௖૸ 

4.1 ᛾ܴ᛾ܴ᛾ܴ᛾ܴ 3,5-ΒҘ୷ΒҘ୷ΒҘ୷ΒҘ୷-2-Όㄽ୷㞓ࠗΌㄽ୷㞓ࠗΌㄽ୷㞓ࠗΌㄽ୷㞓ࠗޑᚈᡏࣁᕉރᚈᡏޑᚈᡏࣁᕉރᚈᡏޑᚈᡏࣁᕉރᚈᡏޑᚈᡏࣁᕉރᚈᡏ 

    ӧҁჴᡍࣴزϯӝނ 3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗ(2-Acetyl-3,5-di- 

methylpyrroleǴADP)Ǵ่ᄬӵΠ: 

 

 
 

໩ԄൂᡏԾ่ӝԖёૈࢂаᕉރᚈᡏࢂ܈ጕ܄ᚈᡏޑБԄ่ӝǶྋ፦

㞓ࠗᕉ΢ޑ N-H ୷཮ᆶќ΋ྋ፦ C=O׎ԋణᗖǴᚈᡏёૈޑᄬࠠࣁ 

 

 

Ԝٿࣁ໩ԄൂᡏԾ่ӝԋᕉރᚈᡏკǴځᚈᡏڀԖঁٿణᗖǶќ΋ᅿ

ёૈࢂаጕޑ܄БԄ่ӝǴӵΠკ܌Ң 

N

H O

N

H O

N

H O

N

H O

N

HO
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Ԝٿࣁ໩ԄൂᡏԾ่ӝԋጕ܄ᚈᡏკǴځᚈᡏڀԖ΋ঁణᗖǶऩᚈᡏ

ޑԖᚈᡏύ܌߾ᚈᡏӸӧǴރаᕉࢂ N-H ୷ࣣ׎ԋణᗖᗖ่Ƕऩൂ

ᡏԾ่ӝԄ׎ԋጕ܄ᚈᡏǴ߾ᚈᡏԖ҂׎ԋణᗖ N-H ୷Ƕऩа IR ෳ

Ԝಖᆄ୷ǴԜૻဦӢௗൂ߈ᡏޑ N-H ୷֎ԏঢ়Ǵ཮ჹൂᡏ N-H ୷֎

ԏ஥ޑ֎ԏࡋ೷ԋଅ᝘Ƕଷ೛ᚈᡏࢂаጕ܄ᚈᡏ׎ޑԄӸӧǴӢԜൂ

ՏӀ৩Πൂᡏӧ֎ԏ஥ޑᕴ֎ԏࡋ l
mA  ࣁׯ

 

 

 

OO
m2m 2

 ][][ ccεccεBεBεA BmBm
l
m ′+=′+=  (4-1) 

 

mε (ൂՏ:  Lmol -12−cm ᕴವԸ֎ԏ߯ኧǴޑᡏൂࣁ( mε′ (ൂՏ:  Lmol -12−cm )

ޑᚈᡏύᇘ៛р܄ጕࣁ N-H ୷ᕴವԸ֎ԏ߯ኧǴ ][B ǵ ][ 2B ϩձൂࣁ

ᡏǵᚈᡏᐚࡋǶ  / L1mol O =c Ƕࡋᄊᐚރ኱ྗࣁ Bc ǵ
2Bc ϩձࣁคӢԛϯ

ൂᡏǵᚈᡏᐚࡋǶஒԄ (4-1) ख़ཥ᏾౛ 

 

 m
O

m

2 - 
ε

cε

cε

A
c Bm

l
m

B

′
=  (4-2) 

 

җԄ (2-15) ޕӧൂՏӀ৩Πᚈᡏӧ֎ԏ஥ޑᕴ֎ԏࡋ O

2
ccεA Bdd = Ǵ

ӢԜךॺёаஒคӢԛϯᚈᡏᐚࡋа O/ 
2

cεAc ddB =  ҢǴ٠жΕԄ (2-2)߄

N

H O
N

H O
N

H O
N

H

O
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ύ 2 /    
2 BB ccK = Ǵ٠᏾౛ԋ 

 

 

2O2 / /    
2 BddBB ccεAccK ==  (4-3) 

 

 

ஒԄ (4-3) ؃ॹኧǴ٠ஒԄ (4-2) жΕ 

 

 

 

2O

O2
m

2

m
O

m

O2O

)-() - (     
1

2

2 ccεA
cεA

ε

ε

cε

cε

A

A

cε

A

ccε

K Bm
l
m

d

dBm
l
m

d

d

d

Bd ′=
′

==  (4-4) 
 

ஒԄ (4-4) ฻ဦѰѓӕ४а dεcε /O
m ٠᏾౛ԋ 

 

 

 

])(2-)[(
1

 2OO2
O2

m
22
ccεccεAA

AKε

cε
BmBm

l
m

l
m

dd

′+′=  (4-5) 
 

 

ஒԄ (4-5) ख़ཥ᏾౛ԋ 

 

 

 d

Bm

d

Bm
l
m

dd

l
m

A

ccε

A

ccεA

Kε

cε

A

A
2OOO2

m
2 )(

-
2

 
)(

22
′′

+=  
(4-6) 
 

Πྕۓӧޕॺך mε ǵ mε′ ǵ dε ϷK  ॶǴۓࣁ
l
mA ǵ dA ཮ᒿ๱ᐚޑࡋቚу

ԶቚуǶऩԖᇘ៛рޑ N-H ୷ಖᆄ୷ૻဦǴ߾ 0≠′mε ǴӢԜ཮٬Ԅ (4-6) 

ѓԄٿࡕޑ໨ᒿᐚׯࡋᡂǴ܌а
d

l
m

A

A 2)(
ჹᐚࡋ Oc բკόࣁНѳጕǶϸ

ϐऩคᇘ៛рޑ N-H ୷ಖᆄ୷ૻဦǴ߾ 0=′mε Ǵ constant   
)( 2

=
d

l
m

A

A
。а

d

l
m

A

A 2)(

܈ 2) /( l
md AA ჹᐚࡋ Oc բკࣁНѳጕǶҗკ 3.4ǵ3.13ǵ3.22ǵ3.31Ϸ 3.40

аࢂ 2) /( md AA ჹᐚࡋ Oc բკǴځკ׎൳ЯࣁНѳጕǴӢԜΨ᛾ܴΑᚈ

ᡏࢂаᕉރᚈᡏӸӧǶ 
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    A. T. Dubis40฻ΓճҔआѦӀ᛼ࣴز 2-㞓ࠗҘ⾺Ծ่ӝǴ٠೸ၸ

౛ፕीᆉ B3LYP/6-311++G**ૈ่݀ޑႣෳᚈᡏࢂаᕉރᚈᡏ׎ԄӸ

ӧ 51,52Ƕڰᄊ඲ᡏၗ਑ΨᡉҢԜᜪϯӝނԾ่ӝԋᕉ่ރᄬ 41-44Ϸ H. 

E. Affsprung13ࣴز΍ϣㄽữޑԾ่ӝவӀ᛼ၗ਑ΨᡉҢёаҔ 2
md / AA

ჹᐚࡋբკǴаᔠຎᚈᡏࢂցࣁᕉރᚈᡏǶ 2
md / AA όᒿᐚׯࡋᡂǴ߾

 ᚈᡏǶރᕉࣁҢᚈᡏ߄

4.2 ӧόӕྋᏊΠྋ፦ӧόӕྋᏊΠྋ፦ӧόӕྋᏊΠྋ፦ӧόӕྋᏊΠྋ፦੝ૈ۔ۓ୷੝ૈ۔ۓ୷੝ૈ۔ۓ୷੝ૈ۔ۓ୷՜ᕭਁ୏ᓎ౗ޑ௖૸՜ᕭਁ୏ᓎ౗ޑ௖૸՜ᕭਁ୏ᓎ౗ޑ௖૸՜ᕭਁ୏ᓎ౗ޑ௖૸ 

    ӧҁჴᡍࣴزΑྋ፦Ծ่ӝǶךॺׯᡂྋᏊޑᅿᜪǴҞࢂޑ௖૸

ྋᏊਏᔈޑቹៜǶਥᏵ KBM (Kirkwood-Bauer-Magat) 47,48Տ౽ϦԄ 

 

ԜϦԄ፾Ҕޑ܄ཱུߚܭྋᏊచҹǶ Oν ՜ᕭޑ୷ૈ۔ۓӧ਻࣬ਔ੝ࣁ

ਁ୏ᓎ౗Ǵ obsν ࣁ՜ᕭਁ୏ᓎ౗ǴCޑ୷ૈ۔ۓ੝ډୀෳ܌ӧྋᏊਔࣁ

தኧǴD ຫεǴ܄ཱུځϟႝதኧຫεǴޑϟႝதኧǶ྽ྋᏊޑྋᏊࣁ

ྋ፦੝ૈ۔ۓ୷ޑ՜ᕭਁ୏ᓎ౗ຫ۳եᓎՏ౽ǶԶྕࡋҭ཮ቹៜډϟ

ႝதኧǴ྽ଯྕਔ཮फ़եྋᏊޑϟႝதኧǴ܄ཱུځ٬फ़եǶ܌аӧڰ

՜ᕭਁ୏ᓎ౗཮ӧޑ୷ૈ۔ۓǴ྽ଯྕਔ੝ࡋ಍ྕسᡂׯྋᏊΠǴۓ

ၨଯᓎ౗ޑՏ࿼ǶךॺΨஒԄ (4-7) ख़ཥ᏾౛ 

 

 

 
12
1

 C    
O

obsO

O +
−=

ν
ν−ν=

ν
ν∆

D

D  

 

 
(4-7) 
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а obs  Y ν= ჹ
12

1
 X

+
−=

D

D
଺ጕ܄კǴёаҗᄒຯளډӧ਻࣬ਔޑ՜ᕭਁ୏

ᓎ౗ Oν Ƕკ ྋ፦ࣁ4.1 3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗ ADPྋܭόӕྋᏊ

ύϷѤಔόӕྕࡋΠǴа obs
NH  Y ν= ჹ )12 /()1( X +−= DD ଺ጕ܄კǴёа

ளጕ܄଑ᘜጕ Y= -116.01X+3471.4Ƕځύᄒຯࣁ -1cm 3471.4 ж߄Ѧකډ D 

ᄊΠൂᡏރޜ੿ܭᄊǴჹᔈΑྋ፦ރޑ1 = N-H ୷՜ᕭਁ୏ᓎ౗ Oν Ƕ 

 

0.17 0.18 0.19 0.20 0.21 0.22 0.23 0.24 0.25

3444

3445

3446

3447

3448

3449

3450

3451

(318K)
(308K)

(298K)
(288K)

(318K)
(308K)
(298K)

(288K)
(318K)

(308K)
(298K)

(288K)

(318K)
(308K)

(298K)
(288K)

(D-1) / (2D+1)

 ν
ob

s

N
H
/ c

m
-1

 

კ4.1     3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗྋܭόӕྋᏊύϷѤಔόӕྕࡋ

Πൂޑᡏനε՜ᕭਁ୏ᓎ౗Տ࿼ obs
NHν ჹ )12 /()1( +− DD ଺კǴ

ύDځ -) :ࣁѤಔྋᏊϩձځϟႝதኧǶࣁ -)۪҅₧Ǵ(-
-)ٌ҅₧Ǵ(- -)ᕉρ₧Ǵ(- -)ѤෛΌ౎Ƕ 

     
 
 

 

 

OOobs  
12

1
C-  ν+

+
−ν=ν

D

D
 

 

 
(4-8) 
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    კ 4.2ǵ4.3 ϩձࣁྋ፦ 3,5-ΒҘ୷ -1H-㞓ࠗ -2-ҘለΌ✊

(Ethyl3,5-dimethyl-1H-pyrrole-2-carboxylateǴEDPC) ϸԄǵ໩Ԅൂᡏ

N-H ୷നε՜ᕭਁ୏ᓎ౗ obs

tν ܈ obs

Cν ჹ )12 /()1( +− DD ଺ጕ܄კǴёа

ளډϸԄǵ໩Ԅޑጕ܄଑ᘜጕϩձࣁ Y= -170.5X+3514.1ǵY= 

-151.7X+3491.4Ƕځύᄒຯࣁ -1cm 3514.1 жǵ3491.4 -1cm ж߄Ѧකډ D 

ᄊΠϸԄǵ໩Ԅൂᡏރޜ੿ܭᄊǴྋ፦ރޑ1 = N-H ୷ޑ՜ᕭਁ୏ᓎ

౗ϩձࣁ 0
tν ǵ 0

Cν Ƕ 

 

0.18 0.20 0.22 0.24
3474

3476

3478

3480

3482

3484

3486

(318K)
(308K)

(298K)
(288K)

(318K)
(308K)

(298K)
(288K)

(318K)
(308K)

(298K)
(288K)

(318K)

(318K)

(308K)

(308K)

(298K)

(298K)

(288K)

(288K)

ν t,N
H

 / 
cm

-1

(D-1) / (2D+1)
 

კ 4.2     3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋܭόӕྋᏊύϷѤಔό

ӕྕࡋచҹΠǴϸԄൂᡏޑനε՜ᕭਁ୏ᓎ౗Տ࿼ obs
NHν ჹ

)12 /()1( +− DD ଺კǴځύD ϖಔྋᏊϩձځϟႝதኧǶࣁ

-) :ࣁ -)۪҅₧Ǵ(- -)ٌ҅₧Ǵ(- -)Ҙ୷ᕉρ₧Ǵ(- -)
ᕉρ₧Ǵ(- -)ѤෛΌ౎Ƕ 
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0.18 0.20 0.22 0.24

3456

3458

3460

3462

3464

3466

(318K)
(308K)

(288K)

(318K)
(308K)

(288K)

(318K)
(308K)

(288K)

(318K)

(308K)

(288K)

ν  C
,o

bs
 / c

m
-1

(D-1) / (2D+1)

(288K)

(308K)

(318K)

(298K) (298K)

(298K)
(298K)

(298K)

 

კ 4. 3     3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ྋܭόӕྋᏊύϷѤಔ

όӕྕࡋచҹΠǴ໩Ԅൂᡏޑനε՜ᕭਁ୏ᓎ౗Տ࿼ obs
NHν

ჹ )12 /()1( +− DD ଺კǴځύD ѤಔྋᏊϩځϟႝதኧǶࣁ

ձࣁ: (- -)۪҅₧Ǵ(- -)ٌ҅₧Ǵ(- -)Ҙ୷ᕉρ₧Ǵ(- -)
ᕉρ₧Ǵ(- -)ѤෛΌ౎Ƕ 

 
 

    வჴᡍ่݀ׯޕᡂྋᏊΨ཮ჹᚈᡏ N-H ୷നε՜ᕭਁ୏ᓎ౗Տ

࿼೷ԋቹៜǴՠᚈᡏੋϷډణᗖǴӢԜаᚈᡏ N-H ୷നε՜ᕭਁ୏

ᓎ౗Տ࿼ჹ )12 /()1( +− DD ଺კёૈ཮ୃᚆ KBM ࣁႣෳǶӢޑ KBM

Տ౽ϦԄ፾Ҕጄൎ٠όԵቾډᚈচηϩηډڙ੝ਸբҔΚޑ௃ݩǶவ

კ 4.4-4.11ᢀჸǴѝૈޑ܄ۓᇥǴᒿ๱ྋᏊϟႝதኧቚуǴᚈᡏ N-H

୷നε՜ᕭਁ୏ᓎ౗཮۳եᓎБӛ౽୏Ƕ 
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0.19 0.20 0.21 0.22 0.23 0.24
3280

3281

3282

3283

3284

3285

3286

di
m

er
 ν

ob
s

N
H
 / 

cm
-1

(D-1) / (2D+1)
 

კ4.4   15ʚΠྋ፦3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗADPྋܭόӕྋᏊύǴ

ᚈᡏ N-H ୷നε՜ᕭᓎ౗Տ࿼ჹ )12 /()1( +− DD ଺კǴځύD

-) :ࣁϟႝதኧǶѤಔྋᏊϩձࣁ -)۪҅₧Ǵ(- -)ٌ҅₧Ǵ 
(- -)ᕉρ₧Ǵ(- -)ѤෛΌ౎Ƕ 

0.19 0.20 0.21 0.22 0.23 0.24 0.25
3309

3310

3311

3312

3313

3314

di
m

er
 ν

ob
s

N
H
 / 

cm
-1

(D-1) / (2D+1)
 

კ 4.5  15ʚΠྋ፦ 3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ EDPCྋܭόӕ

ྋᏊύǴᚈᡏ N-H ୷നε՜ᕭᓎ౗Տ࿼ჹ )12 /()1( +− DD ଺

კǴځύD -) :ࣁϟႝதኧǶѤಔྋᏊϩձࣁ -)۪҅₧Ǵ(-
-)ٌ҅₧Ǵ(- -)Ҙ୷ᕉρ₧Ǵ(- -)ᕉρ₧Ǵ(- -)ѤෛΌ౎Ƕ 
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0.19 0.20 0.21 0.22 0.23 0.24
3280

3281

3282

3283

3284

3285

3286

3287

di
m

er
 ν

ob
s

N
H
 / 

cm
-1

(D-1) / (2D+1)
 

კ4.6   25ʚΠྋ፦3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗADPྋܭόӕྋᏊύǴ

ᚈᡏ N-H ୷നε՜ᕭᓎ౗Տ࿼ჹ )12 /()1( +− DD ଺კǴځύD

-) :ࣁϟႝதኧǶѤಔྋᏊϩձࣁ -)۪҅₧Ǵ(- -)ٌ҅₧Ǵ 
(- -)ᕉρ₧Ǵ(- -)ѤෛΌ౎Ƕ 

0.19 0.20 0.21 0.22 0.23 0.24 0.25
3310

3311

3312

3313

3314

3315

di
m

er
 ν

ob
s

N
H
 / 

cm
-1

(D-1) / (2D+1)
 

კ 4.7  25ʚΠྋ፦ 3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ EDPCྋܭόӕ

ྋᏊύǴᚈᡏ N-H ୷നε՜ᕭᓎ౗Տ࿼ჹ )12 /()1( +− DD ଺

კǴځύD -) :ࣁϟႝதኧǶѤಔྋᏊϩձࣁ -)۪҅₧Ǵ(-
-)ٌ҅₧Ǵ(- -)Ҙ୷ᕉρ₧Ǵ(- -)ᕉρ₧Ǵ(- -)ѤෛΌ౎Ƕ 
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0.19 0.20 0.21 0.22 0.23 0.24
3282

3283

3284

3285

3286

3287

3288

di
m

er
 ν

ob
s

N
H
 / 

cm
-1

(D-1) / (2D+1)
 

კ4.8    35ʚΠྋ፦3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗADPྋܭόӕྋᏊύǴ

ᚈᡏ N-H ୷നε՜ᕭᓎ౗Տ࿼ჹ )12 /()1( +− DD ଺კǴځύD

-) :ࣁϟႝதኧǶѤಔྋᏊϩձࣁ -)۪҅₧Ǵ(- -)ٌ҅₧Ǵ 
(- -)ᕉρ₧Ǵ(- -)ѤෛΌ౎Ƕ 

0.19 0.20 0.21 0.22 0.23 0.24
3310

3311

3312

3313

3314

3315

3316

di
m

er
 ν

ob
s

N
H
 / 

cm
-1

(D-1) / (2D+1)
 

კ 4.9   35ʚΠྋ፦ 3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊EDPCྋܭόӕ

ྋᏊύǴᚈᡏ N-H ୷നε՜ᕭᓎ౗Տ࿼ჹ )12 /()1( +− DD ଺

კǴځύD -) :ࣁϟႝதኧǶѤಔྋᏊϩձࣁ -)۪҅₧Ǵ(-
-)ٌ҅₧Ǵ(- -)Ҙ୷ᕉρ₧Ǵ(- -)ᕉρ₧Ǵ(- -)ѤෛΌ౎Ƕ 
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0.19 0.20 0.21 0.22 0.23 0.24
3283

3284

3285

3286

3287

3288

3289

di
m

er
 ν

ob
s

N
H
 / 

cm
-1

(D-1) / (2D+1)
 

კ4.10   45ʚΠྋ፦3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗADPྋܭόӕྋᏊύǴ

ᚈᡏ N-H ୷നε՜ᕭᓎ౗Տ࿼ჹ )12 /()1( +− DD ଺კǴځύD

-) :ࣁϟႝதኧǶѤಔྋᏊϩձࣁ -)۪҅₧Ǵ(- -)ٌ҅₧Ǵ 
(- -)ᕉρ₧Ǵ(- -)ѤෛΌ౎Ƕ 

0.19 0.20 0.21 0.22 0.23 0.24
3312

3313

3314

3315

3316

3317

3318

di
m

er
 ν

ob
s

N
H
 / 

cm
-1

(D-1) / (2D+1)
 

კ 4.11  45ʚΠྋ፦ 3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊EDPCྋܭόӕ

ྋᏊύǴᚈᡏ N-H ୷നε՜ᕭᓎ౗Տ࿼ჹ )12 /()1( +− DD ଺

კǴځύD -) :ࣁϟႝதኧǶѤಔྋᏊϩձࣁ -)۪҅₧Ǵ(-
-)ٌ҅₧Ǵ(- -)Ҙ୷ᕉρ₧Ǵ(- -)ᕉρ₧Ǵ(- -)ѤෛΌ౎Ƕ 
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    ќѦךॺΨ௖૸ྕࡋਏᔈჹᚈᡏ N-H ୷നε՜ᕭਁ୏ᓎ౗Տ࿼

ቹៜǴவკޑ 4.12ǵ4.13ᢀჸډᒿྕࡋϲଯǴᚈᡏ N-H ୷നε՜ᕭ

ਁ୏ᓎ౗Տ࿼཮۳ଯᓎޑБӛ౽୏Ƕ೭ࢂҗࡋྕܭ΢ϲǴफ़եΑྋᏊ

ϟႝதኧǴӢԜҗޑ KBM ᚈᡏޕՏ౽ϦԄޑ N-H ୷നε՜ᕭਁ୏ᓎ

౗Տ࿼཮ӧၨଯᓎՏ࿼Ƕ 

 

1.930 1.935 1.940 1.945 1.950 1.955
3283.5

3284.0

3284.5

3285.0

3285.5

3286.0

3286.5

3287.0

3287.5 (318K)

(308K)

(298K)

di
m

er
 ν

ob
s

N
H
 / 

cm
-1

(D-1) / (2D+1)

(288K)

 

კ 4.12   ྋ፦ 3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗ ADPྋٌ҅ܭ₧ྋᏊύǴᚈ

ᡏ N-H ୷നε՜ᕭਁ୏ᓎ౗Տ࿼ჹ )12/()1( +− DD ଺კǴځύ

D  ϟႝதኧǶࣁ
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1.930 1.935 1.940 1.945 1.950 1.955

3312.5

3313.0

3313.5

3314.0

3314.5

3315.0

3315.5

3316.0
di

m
er

 ν
ob

s

N
H
 / 

cm
-1

(D-1) / (2D+1)

(318K)

(308K)

298K

(288K)

 

კ 4.13   ྋ፦ 3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ EDPCྋٌ҅ܭ₧ྋ

ᏊύǴᚈᡏ N-H ୷നε՜ᕭਁ୏ᓎ౗Տ࿼ჹ )12 /()1( +− DD ଺

კǴځύD  ϟႝதኧǶࣁ
 

    җ౛ፕीᆉ PBE1PBE/6-311++G**่݀ޑǴૈႣෳआѦӀ᛼੝ۓ

߄՜ᕭਁ୏ᓎ౗Ƕӵޑ୷ૈ۔ ౛ፕीᆉྋ፦ࣁ4.1 EDPC໩ԄǵϸԄ

ൂᡏ N-H ୷՜ᕭਁ୏ᓎ౗Ǵ٠ᆶჴᡍ่݀࣬ϕჹྣǶࣣޣٿᒿྋᏊ

 եᓎǶډ౽ቚуǴ՜ᕭਁ୏ᓎ౗Տ܄ཱུ
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    ҁჴᡍࣴൂزᡏޑԾ่ӝǴவྋ፦आѦӀ᛼ୀෳډᚈᡏ N-H ୷

Ծ่ӝޑނϯӝزࣴޣдբځՏ࿼Ƕޑեᓎډ౽՜ᕭਁ୏ᓎ౗཮Տޑ

ҭԖԜ౜ຝ 51,53ǶԶ D. Sajan54฻Γࣴزᎇᜪਁޑ୏Ӏ᛼Ǵдว౜྽

ణᗖ׎ԋਔ O-HǾOǴO-H ୷ޑ՜ᕭਁ୏ᓎ౗཮आՏ౽ډեᓎՏ࿼Ƕ

բޣᇡࣁ፦ηڙᡏ Oගېٮჹႝη๏፦ηϒᡏ O-Hޑϸᗖ่ॉୱ abσ Ǵ

೷ԋԜॉୱႝޑηۚໆቚуǴΨ٬ள፦ηϒᡏޑ O-H ᗖᡂ১Ϸ O-H

ᗖᡂߏ 55Ǵӵკ 4.14ǶӢԜᚈᡏ O-H ୷ޑ՜ᕭਁ୏ᓎ౗཮आՏ౽ډ

եᓎՏ࿼ǶԶ N. W. Alcock56฻ΓΨஒ O-H୷׎ԋణᗖਔޑॉୱૈک

໘კаӵკ  ҢǶ߄4.15
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კ 4.14  ᎇᜪ፦ηϒᡏ O-Hᗖߏჹ OǾOຯᚆ଺კǴOǾOࣁ፦ηϒ

ᡏ Oᆶ፦ηڙᡏ Oϐ໔ຯᚆ 55 
[ЇԾ Figure 8.12 in ref. 55, P. Schuster, G. Zundel and C. Sandorfy, The 
Hydrogen Bond Vol II (North-Holland, New York, 1976), p. 411.] 
 
 
 
 
 
 
 
 
 
 
 



 

 
კ 4.15   (a)׎ԋ O-H

ᡏ Oௗ߈ᡏ

abσ ϐॉୱკ

๏ O-Hᗖޑϸᗖ่ॉୱ

[ЇԾ Figure 7.10 in
Structural Principles In Inorganic And Organic Chemistry
Horwood Limited, New York, 1990), p 192.
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H ᗖޑॉୱკ(b)׎ԋ O-Hᗖૈޑ໘კ

ௗ߈ᡏ O-Hᗖਔගېٮჹႝη๏ O-Hᗖޑϸᗖ่ॉୱ

ϐॉୱკ(d) ፦ηڙᡏ Oௗ߈ᡏ O-Hᗖਔගېٮჹႝη

ᗖޑϸᗖ่ॉୱ abσ ϐૈ໘კ 56 
in ref. 56, N. W. Alcock, Bonding And Structure 

Structural Principles In Inorganic And Organic Chemistry
Horwood Limited, New York, 1990), p 192.] 

 

 

ᗖૈޑ໘კ(c)፦ηڙ

ᗖޑϸᗖ่ॉୱ

ᗖਔගېٮჹႝη

Bonding And Structure 
Structural Principles In Inorganic And Organic Chemistry (Ellis 
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4.3 ӧόӕྋᏊΠൂᡏԾӧόӕྋᏊΠൂᡏԾӧόӕྋᏊΠൂᡏԾӧόӕྋᏊΠൂᡏԾ่่่่ӝ኱ྗӝ኱ྗӝ኱ྗӝ኱ྗ₲₲₲₲ޑ௖૸ޑ௖૸ޑ௖૸ޑ௖૸ 

    3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗ (2-Acetyl-3,5-di-methylpyrroleǴADP) 

ک 3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊(Ethyl3,5-dimethyl-1H-pyrrole-2- 

carboxylateǴEDPC)೭ঁٿϯӝނӧΟෛΌ౎ǵѤෛΌ౎ǵᕉρ₧ǵ

Ҙ୷ᕉρ₧ǵٌ҅₧Ϸ۪҅₧ྋᏊύޑᚈᡏࣣࢂаᕉރᚈᡏӸӧǶׯ

ᡂჴᡍచҹǴа௖૸ྕࡋǵྋᏊჹԾ่ӝޑቹៜǶ྽ቚуྕࡋਔǴΨ

ܴᡉҗჴᡍኧᏵளൂډᡏԾ่ӝޑѳᑽதኧ K ཮Πफ़ǴӢԜଯྕΠ

όճ׎ԋᚈᡏǶஒόӕྕࡋΠளޑډ K ॶ଺ van’t Hoff კǴё຾΋؁

җ௹౗؃ளԾ่ӝ኱ྗ₲ǶׯᡂྋᏊਔΨว౜ӧཱུޑ܄ྋᏊΠǴԾ่

ӝѳᑽதኧ཮ᡂλǴёૈࢂྋᏊᆶൂᡏޑբҔၨமǴफ़եΑԾ่ӝޑ

ૈΚǶவ Onsager50ޑ౛ፕޕǴ྽ྋᏊޑϟႝதኧ D ຫεǴ٬ྋ፦܌

ϸᔈ൑ޑڙ
3)12(

)1(2
aD

D
R

µ
+
−= ΨຫεǴ೷ԋൂᡏૈ໘Πफ़ໆ    U µR/2= Ψ

ຫεǶҗܭᚈᡏࢂаᕉރᚈᡏӸӧǴځଽཱུຯᖿܭ߈ 0Ǵޑڙ܌ځϸ

ᔈ൑ቹៜၨλǴӢԜᚈᡏૈ໘ၨόڙྋᏊޑቹៜǶஒ౛ፕीᆉ

PBE1PBE/6-31++G**ϸԄൂᡏǵ໩ԄൂᡏϷᚈᡏଽཱུຯ่݀ޑӈ߄ܭ

4.2ύǶךॺஒόӕྋᏊΠൂǵᚈᡏ࣬ޑჹૈ໘аკ ҢǶҗკ߄4.16

ϸᔈ൑բҔၨεǴΨ೷ԋ໩ԄڙǴ໩Ԅൂᡏ܄ཱུޑ྽ቚуྋᏊޕ4.16

ൂᡏૈޑ໘Πफ़ǴӢԜԾ่ӝޑ኱ྗ₲Πफ़Ƕҁჴᡍ٬܌ҔޑྋᏊځ

ϟႝதኧॶ D  <D(ѤෛΌ౎)> D(ᕉρ₧)> D(Ҙ୷ᕉρ₧) :ࣁελޑ
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D(ٌ҅₧)> D(۪҅₧)Ƕҗჴᡍ่݀ޑǴӵ߄ 4.3ൂᡏԾ่ӝ኱ྗ₲

O
2H∆ (ѤෛΌ౎)< O

2H∆ 酚(ᕉρ₧)< O
2H∆ (Ҙ୷ᕉρ₧)< O

2H∆ (ٌ҅₧)< 

O
2H∆ (۪҅₧)ǴԜᖿ༈ᆶ౛ፕႣ਑࣬಄Ƕ 

 
߄ 4.2   ճҔ౛ፕीᆉ PBE1PBE/6-31++G**Ӄஒྋ፦ 3,5-ΒҘ୷

-1H-㞓ࠗ-2-ҘለΌ✊ EDPC ൳Ֆᄬࠠന٫ϯǴӆճҔޑ

MP2/6-311+G(2d,p)ൂ ᗺीᆉрଽཱུຯϸԄൂᡏǵ໩Ԅൂᡏǵ

ᚈᡏଽཱུຯǶ 
 

酚  
ϸԄൂᡏ 
ଽཱུຯ 

໩Ԅൂᡏ 
ଽཱུຯ 

ᚈᡏ 
ଽཱུຯ 

ྋᏊ 酚 µ/ debye µ/ debye酚  酚  µ/ debye 

਻࣬ 1.41  3.80  ---- 
ٌ҅₧ 1.72  4.09  0.005 
҅ѹ₧ 1.63  4.08  0.003 

Ҙ୷ᕉρ₧ 1.74  4.20  0.003 
ᕉρ₧ 1.65  4.13  0.003 
ѤෛΌ౎ 1.69  4.22  0.004 

 
 
 
-ճҔ౛ፕीᆉB3LYP/6-31+G**Ӄஒ3,5-ΒҘ୷-1H-㞓ࠗ-2    4.3߄

Ҙ ለ Ό ✊ EDPC ޑ ൳ Ֆ ᄬ ࠠ ന ٫ ϯ Ǵ ӆ ճ Ҕ

MP2/6-311+G(2d,p)ൂ ᗺीᆉрૈໆԾ่ӝ₲Ƕ 
 

 
Ծ่ӝ኱ྗ₲ 2H∆ O / kJ mol-1  

ྋᏊ ჴᡍ೽ϩ酚  ౛ፕ೽ϩ 
਻࣬ ----  -43.05 

ٌ҅₧ -28.7 ± 3.5  -27.19 
҅ѹ₧ -32.1 ± 4.6  -27.41 

Ҙ୷ᕉρ₧ -25.9 ± 3.6  -26.04 
ᕉρ₧ -23.7 ± 1.1  -26.05 
ѤෛΌ౎ -22.3 ± 0.4  -23.48 
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კ 4.16    3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗӧόӕྋᏊΠǴ໩ԄൂᡏϷᚈᡏ

ૈ໘კǶྋᏊϩձࣁ:ٌ҅₧ǵᕉρ₧ϷѤෛΌ౎Ƕ 
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4.4 ӧόӕྋᏊΠჹൂᡏъଯቨޑቹៜӧόӕྋᏊΠჹൂᡏъଯቨޑቹៜӧόӕྋᏊΠჹൂᡏъଯቨޑቹៜӧόӕྋᏊΠჹൂᡏъଯቨޑቹៜ 

    ӧҁჴᡍύǴךॺว౜ᒿྋᏊཱུ܄ (polarity) ቚуǴ཮٬ளൂᡏǵ

ᚈᡏޑъଯቨ 2/1ν∆ 57ᡂቨǶ 

 
 
 π

Γ=ν∆
22/1  

(4-9) 
 

Γࣁ૰ଏೲ౗ (decay rate)58߄ҢӵΠ 

 
 
 

)()
2

(
2

)m(E
,

m

ω−ρπ=Γ ∑
<

ℏ
ℏ

k
E

EMmk EV
k

 

 

(4-10) 
 

EMmkV , Ƕՠ٣ჴ΢ԜԄ٠҂Եࡋᄊஏރޑໆૈࣁ༾ᘋՏૈǴρޑᅶႝࣁ

ቾډྋᏊޑҬϕբҔૈ intV Ǵҗ Onsagerޑ౛ፕޕྋ፦҉ޑΦଽཱུ཮ᇨ

٬ྋᏊཱུϯǴ຾Զ٬ྋᏊჹྋ፦ౢғϸᔈ൑ RǶᒿ๱ྋᏊཱུ܄ቚуྋ

፦܌གޑډڙϸᔈ൑ΨຫεǴྋ፦ᆶྋᏊϐ໔ޑ༾ᘋޑҬϕբҔૈ

µRV
2

1
-int = ΨຫεǶӢԜྋ፦ӧྋᏊύΨᔈ၀ाԵቾډྋ፦ᆶྋᏊϐ

໔ޑ༾ᘋޑҬϕբҔૈǴ܌аךॺஒԄ (4-10) ׯቪԋ 

 
 
 )()

2
(

2

)m(E
int,

m

ω−ρ+π=Γ ∑
<

ℏ
ℏ

k
E

EMmk EVV
k

 

 

(4-11) 
 

җԄ (4-11) ޕ྽ྋᏊཱུ܄ቚуǴྋ፦ᆶྋᏊϐ໔ޑ༾ᘋޑҬϕբҔ

ૈΨቚεǴቚуϩηவᐟวᄊ௞ډ୷ᄊޑ૰ଏೲ౗ǴӢԜΨ೷ԋΑъ

ଯቨᡂቨǶ 
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    ҁჴᡍ٬܌ҔޑྋᏊځϟႝதኧॶ D(ΟෛΌ౎)>D(ѤෛΌ

౎)>D(ᕉρ₧)>D(ٌ҅₧)>D(۪҅₧)Ƕҗჴᡍ่݀ޑǴӧόӕྋᏊ

Π 3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗ ADP ൂᡏ N-H ୷ޑъଯቨελࣁ٩ׇ

2/1ν∆ (ΟෛΌ౎)> 2/1ν∆ (ѤෛΌ౎)> 2/1ν∆ (ٌ҅₧) ≈ 2/1ν∆ (۪҅₧) ≈  

2/1ν∆ (ᕉρ₧)Ǵӵკ  ҢǶ܌4.17-4.20
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კ 4.17   ӧྕࡋ 15ʚΠ 3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗൂᡏN-H୷ޑъଯ

ቨჹᐚࡋ Oc բკǴᡂϯόӕྋᏊǴྋᏊϩձࣁ: (- -)ΟෛΌ

౎ ǵ(- -)ѤෛΌ౎ǵ (- -)ᕉρ₧ǵ(- -)۪҅₧Ϸ(- -)҅
ٌ₧Ƕ 
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კ 4.18   ӧྕࡋ 25ʚΠ 3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗൂᡏN-H୷ъଯቨ

ჹᐚࡋ Oc բკǴᡂϯόӕྋᏊǴྋᏊϩձࣁ: (- -)ΟෛΌ౎ǵ

(- -)ѤෛΌ౎ǵ(- -)ᕉρ₧ǵ(- -)۪҅₧Ϸ(- -)ٌ҅₧Ƕ 
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კ 4.19   ӧྕࡋ 35ʚΠ 3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗൂᡏN-H୷ޑъଯ

ቨჹᐚࡋբკǴᡂϯόӕྋᏊǴྋᏊϩձࣁ : (- -)ΟෛΌ౎ ǵ
(- -)ѤෛΌ౎ǵ (- -)ᕉρ₧ǵ(- -)۪҅₧Ϸ(- -)ٌ҅₧Ƕ 
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კ 4.20  ӧྕࡋ 45ʚΠ 3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗൂᡏ N-H ୷ޑъଯ

ቨჹᐚࡋբკǴᡂϯόӕྋᏊǴྋᏊϩձࣁ : (- -)ΟෛΌ౎ ǵ

(- -)ѤෛΌ౎ǵ (- -)ᕉρ₧ǵ(- -)۪҅₧Ϸ(- -)ٌ҅₧Ƕ 

 
     

კ 4.17-4.20ύว౜ӧٌ҅₧ǵ̔ ۪₧Ϸᕉρ₧ޑྋᏊύൂᡏN-H

୷ޑъଯቨࣣৡόӭǴ೭ࢂҗܭ D(ٌ҅₧) ≈D(۪҅₧) ≈D(ᕉρ₧)Ǵ

ྋ፦ᆶྋᏊޑҬϕբҔૈৡόӭǴӢԜъଯቨό཮Ԗϼεৡ౦Ƕӧό

ӕྋᏊΠ3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗADPᚈᡏ N-H୷ޑъଯቨΨ཮ڙ

ྋᏊޑቹៜǴᒿྋᏊϟႝதኧቚεǴྋᏊᆶྋ፦ϐ໔ޑҬϕբҔૈຫ

εǴ೷ԋ૰ଏኧ౗ᡂזǴӢԜъଯቨᡂቨǶADPᚈᡏ N-H ୷ޑъଯ

ቨελࣁ٩ׇ: 2/1ν∆ (ΟෛΌ౎)> 2/1ν∆ (ѤෛΌ౎)> 2/1ν∆ (ٌ҅₧) ≈ 2/1ν∆

(۪҅₧) ≈ 2/1ν∆ (ᕉρ₧)Ǵӵკ  ҢǶ܌4.21-4.24
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კ 4.21  ӧྕࡋ 15ʚΠ 3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗᚈᡏޑъଯቨჹᐚ

-) : ࣁբკǴᡂϯόӕྋᏊǴྋᏊϩձࡋ -)ΟෛΌ౎ ǵ(-
-)ѤෛΌ౎ǵ (- -)ᕉρ₧ǵ(- -)۪҅₧Ϸ(- -)ٌ҅₧Ƕ 
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კ 4.22  ӧྕࡋ 25ʚΠ 3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗᚈᡏޑъଯቨჹᐚ

-) : ࣁբკǴᡂϯόӕྋᏊǴྋᏊϩձࡋ -)ΟෛΌ౎ ǵ(-
-)ѤෛΌ౎ǵ (- -)ᕉρ₧ǵ(- -)۪҅₧Ϸ(- -)ٌ҅₧Ƕ 
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კ 4.23  ӧྕࡋ 35ʚΠ 3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗᚈᡏޑъଯቨჹᐚ

-) : ࣁբკǴᡂϯόӕྋᏊǴྋᏊϩձࡋ -)ΟෛΌ౎ ǵ(-
-)ѤෛΌ౎ǵ (- -)ᕉρ₧ǵ(- -)۪҅₧Ϸ(- -)ٌ҅₧Ƕ 
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კ 4.24  ӧྕࡋ 45ʚΠ 3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗᚈᡏޑъଯቨჹᐚ

-) : ࣁբკǴᡂϯόӕྋᏊǴྋᏊϩձࡋ -)ΟෛΌ౎ ǵ(-
-)ѤෛΌ౎ǵ (- -)ᕉρ₧ǵ(- -)۪҅₧Ϸ(- -)ٌ҅₧Ƕ 
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    3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ EDPC໩ԄǵϸԄൂᡏ N-H ୷ޑ

ъଯቨελࣁ٩ׇ 2/1ν∆ (ѤෛΌ౎)> 2/1ν∆ (Ҙ୷ᕉρ₧) ≈ 2/1ν∆ (ᕉρ₧)

≈ 2/1ν∆ (ٌ҅₧) ≈ 2/1ν∆ (۪҅₧)Ǵӵკ  ҢǶ܌4.25-4.32
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კ 4.25   ӧྕࡋ 15ʚΠ 3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊໩Ԅൂᡏޑ

ъଯቨჹᐚࡋբკǴځྋᏊϩձࣁ : (- -)ѤෛΌ౎ ǵ(- -)
ᕉρ₧ǵ (- -)Ҙ୷ᕉρ₧ǵ(- -)۪҅₧Ϸ(- -)ٌ҅₧Ƕ 
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კ 4.26  ӧྕࡋ 15ʚΠ 3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ϸԄൂᡏޑ

ъଯቨჹᐚࡋբკǴځྋᏊϩձࣁ : (- -)ѤෛΌ౎ ǵ(- -)
ᕉρ₧ǵ (- -)Ҙ୷ᕉρ₧ǵ(- -)۪҅₧Ϸ(- -)ٌ҅₧Ƕ 
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კ 4.27  ӧྕࡋ 25ʚΠ 3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊໩Ԅൂᡏޑ

ъଯቨჹᐚࡋբკǴځྋᏊϩձࣁ : (- -)ѤෛΌ౎ ǵ(-
-)ᕉρ₧ǵ (- -)Ҙ୷ᕉρ₧ǵ(- -)۪҅₧Ϸ(- -)ٌ҅₧Ƕ 
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კ 4.28  ӧྕࡋ 25ʚΠ 3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ϸԄൂᡏޑ

ъଯቨჹᐚࡋբკྋᏊϩձࣁ : (- -)ѤෛΌ౎ ǵ(- -)ᕉρ

₧ǵ (- -)Ҙ୷ᕉρ₧ǵ(- -)۪҅₧Ϸ(- -)ٌ҅₧Ƕ 
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კ 4.29  ӧྕࡋ 35ʚΠ 3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊໩Ԅൂᡏޑ

ъଯቨჹᐚࡋբკǴځྋᏊϩձࣁ : (- -)ѤෛΌ౎ ǵ(- -)
ᕉρ₧ǵ (- -)Ҙ୷ᕉρ₧ǵ(- -)۪҅₧Ϸ(- -)ٌ҅₧Ƕ 
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კ 4.30  ӧྕࡋ 35ʚΠ 3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ϸԄൂᡏޑ

ъଯቨჹᐚࡋբკǴځྋᏊϩձࣁ : (- -)ѤෛΌ౎ ǵ(- -)
ᕉρ₧ǵ (- -)Ҙ୷ᕉρ₧ǵ(- -)۪҅₧Ϸ(- -)ٌ҅₧Ƕ 
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კ 4.31  ӧྕࡋ 45ʚΠ 3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊໩Ԅൂᡏޑ

ъଯቨჹᐚࡋբკǴځྋᏊϩձࣁ : (- -)ѤෛΌ౎ǵ(- -)
ᕉρ₧ǵ(- -)Ҙ୷ᕉρ₧ǵ(- -)۪҅₧Ϸ(- -)ٌ҅₧Ƕ 
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კ 4.32  ӧྕࡋ 45ʚΠ 3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ϸԄൂᡏޑ

ъଯቨჹᐚࡋբკǴځྋᏊϩձࣁ : (- -)ѤෛΌ౎ ǵ(- -)
ᕉρ₧ǵ (- -)Ҙ୷ᕉρ₧ǵ(- -)۪҅₧Ϸ(- -)ٌ҅₧Ƕ 

     

    3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊EDPCᚈᡏN-H୷ޑъଯቨελ

ࣁ٩ׇ 2/1ν∆ (ѤෛΌ౎)> 2/1ν∆ (Ҙ୷ᕉρ₧) ≈ 2/1ν∆ (ᕉρ₧) ≈ 2/1ν∆ (ٌ҅

₧) ≈ 2/1ν∆ (۪҅₧)Ǵӵკ  ҢǶ܌4.33-4.36
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კ 4.33  ӧྕࡋ 15ʚΠ 3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ᚈᡏޑъଯ

ቨჹᐚࡋբკǴځྋᏊϩձࣁ : (- -)ѤෛΌ౎ ǵ(- -)ᕉρ

₧ǵ (- -)Ҙ୷ᕉρ₧ǵ(- -)۪҅₧Ϸ(- -)ٌ҅₧Ƕ 
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კ 4.34  ӧྕࡋ 25ʚΠ 3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ᚈᡏޑъଯ

ቨჹᐚࡋբკǴځྋᏊϩձࣁ : (- -)ѤෛΌ౎ ǵ(- -)ᕉρ

₧ǵ (- -)Ҙ୷ᕉρ₧ǵ(- -)۪҅₧Ϸ(- -)ٌ҅₧Ƕ 
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კ 4.35  ӧྕࡋ 35ʚΠ 3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ᚈᡏޑъଯ

ቨჹᐚࡋբკǴځྋᏊϩձࣁ : (- -)ѤෛΌ౎ ǵ(- -)ᕉρ

₧ǵ (- -)Ҙ୷ᕉρ₧ǵ(- -)۪҅₧Ϸ(- -)ٌ҅₧Ƕ 
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კ 4.36  ӧྕࡋ 45ʚΠ 3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ᚈᡏޑъଯ

ቨჹᐚࡋբკǴځྋᏊϩձࣁ : (- -)ѤෛΌ౎ ǵ(- -)ᕉρ

₧ǵ (- -)Ҙ୷ᕉρ₧ǵ(- -)۪҅₧Ϸ(- -)ٌ҅₧Ƕ 
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    კ 4.37-4.41Ϸკ 4.42-4.46ϩձࣁ 3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗ ADP

ൂᡏǵᚈᡏ N-H ୷ޑъଯቨჹᐚࡋբკǴ྽ךॺׯᡂس಍ྕࡋǴவ

კύว౜ൂᡏǵᚈᡏ N-H ୷ޑъଯቨόϼᒿྕࡋቹៜǶ೭ࢂҗัܭ

༾ׯᡂس಍ྕࡋǴ٠ό཮ჹྋᏊޑϟႝதኧԖϼεׯޑᡂǴྋ፦ᆶྋ

Ꮚϐ໔ޑҬϕբҔૈҭৡόӭǴӢԜъଯቨό཮ৡ౦ϼεǶ 
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კ 4.37  ӧۓڰྋᏊٌ҅₧చҹΠ 3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗൂᡏޑ

ъଯቨჹᐚࡋբკǴᡂϯόӕྕࡋǴྕࡋϩձࣁ : (-
-)288K ǵ(- -)298Kǵ (- -)308Kǵ(- -)318KǶ 
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კ 4.38   ӧۓڰྋᏊ۪҅₧చҹΠ 3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗൂᡏޑ

ъଯቨჹᐚࡋբკǴᡂϯόӕྕࡋǴྕࡋϩձࣁ : (-
-)288K ǵ(- -)298Kǵ (- -)308Kǵ(- -)318KǶ 
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კ 4.39   ӧۓڰྋᏊᕉρ₧చҹΠ 3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗൂᡏޑ

ъଯቨჹᐚࡋբკǴᡂϯόӕྕࡋǴྕࡋϩձࣁ : (-
-)288K ǵ(- -)298Kǵ (- -)308Kǵ(- -)318KǶ 
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კ 4.40   ӧۓڰྋᏊѤෛΌ౎చҹΠ 3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗൂᡏ

-) : ࣁϩձࡋǴྕࡋբკǴᡂϯόӕྕࡋъଯቨჹᐚޑ
-)288Kǵ(- -)298Kǵ(- -)308Kǵ(- -)318KǶ 
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კ 4.41  ӧۓڰྋᏊΟෛΌ౎చҹΠ 3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗൂᡏ

-) :ࣁϩձࡋǴྕࡋբკǴᡂϯόӕྕࡋъଯቨჹᐚޑ
-)288K ǵ(- -)298Kǵ(- -)308Kǵ(- -)318KǶ 
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კ 4.42   ӧۓڰྋᏊٌ҅₧చҹΠ 3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗᚈᡏޑ

ъଯቨჹᐚࡋբკǴᡂϯόӕྕࡋǴྕࡋϩձࣁ: (- -)288K ǵ
(- -)298Kǵ(- -)308Kǵ(- -)318KǶ 
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კ 4.43   ӧۓڰྋᏊ۪҅₧చҹΠ 3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗᚈᡏޑ

ъଯቨჹᐚࡋբკǴᡂϯόӕྕࡋǴྕࡋϩձࣁ: (- -)288K ǵ
(- -)298Kǵ(- -)308Kǵ(- -)318KǶ 
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კ 4.44   ӧۓڰྋᏊᕉρ₧చҹΠ 3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗᚈᡏޑ

ъଯቨჹᐚࡋբკǴᡂϯόӕྕࡋǴྕࡋϩձࣁ: (- -)288K ǵ
(- -)298Kǵ(- -)308Kǵ(- -)318KǶ 
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კ 4.45   ӧۓڰྋᏊѤෛΌ౎చҹΠ 3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗᚈᡏ

-) :ࣁϩձࡋǴྕࡋբკǴᡂϯόӕྕࡋъଯቨჹᐚޑ
-)288K ǵ(- -)298Kǵ(- -)308Kǵ(- -)318KǶ 
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კ 4.46   ӧۓڰྋᏊΟෛΌ౎చҹΠ 3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗᚈᡏ

-) :ࣁϩձࡋǴྕࡋբკǴᡂϯόӕྕࡋъଯቨჹᐚޑ
-)288K ǵ(- -)298Kǵ(- -)308Kǵ(- -)318KǶ 

 

    კ 4.47-4.56Ϸკ 4.57-61ϩձࣁྋ፦ 3,5-ΒҘ୷-1H-㞓ࠗ-2-Ҙለ

Ό✊ EDPC໩ԄǵϸԄൂᡏϷᚈᡏ N-H ୷ޑъଯቨჹᐚࡋբკǴӧ

Ǵ໩ԄǵϸԄൂᡏϷᚈᡏࡋ಍ྕسᡂׯྋᏊΠۓڰ N-H ୷ޑъଯቨ

όϼᒿྕׯࡋᡂǶ 
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კ4.47  ӧۓڰྋᏊٌ҅₧చҹΠ3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊໩

ԄൂᡏޑъଯቨჹᐚࡋբკǴᡂϯόӕྕࡋǴྕࡋϩձࣁ : 
(- -)288K ǵ(- -)298Kǵ (- -)308Kǵ(- -)318KǶ 
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კ4.48  ӧۓڰྋᏊٌ҅₧చҹΠ3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ϸ

ԄൂᡏޑъଯቨჹᐚࡋբკǴᡂϯόӕྕࡋǴྕࡋϩձࣁ : 
(- -)288K ǵ(- -)298Kǵ (- -)308Kǵ(- -)318KǶ 
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კ4.49  ӧۓڰྋᏊ۪҅₧చҹΠ3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊໩

ԄൂᡏޑъଯቨჹᐚࡋբკǴࡋྕځϩձࣁ : (- -)288K ǵ
(- -)298Kǵ (- -)308Kǵ(- -)318KǶ 
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კ4.50  ӧۓڰྋᏊ۪҅₧చҹΠ3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ϸ

ԄൂᡏޑъଯቨჹᐚࡋբკǴᡂϯόӕྕࡋǴྕࡋϩձࣁ : 
(- -)288K ǵ(- -)298Kǵ (- -)308Kǵ(- -)318KǶ 
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კ4.51  ӧۓڰྋᏊҘ୷ᕉρ₧చҹΠ3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ

✊໩ԄൂᡏޑъଯቨჹᐚࡋբკǴᡂϯόӕྕࡋǴྕࡋϩձ

-) : ࣁ -)288K ǵ(- -)298Kǵ(- -)308Kǵ(- -)318KǶ 
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კ4.52  ӧۓڰྋᏊҘ୷ᕉρ₧చҹΠ3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ

✊ϸԄൂᡏޑъଯቨჹᐚࡋբკǴᡂϯόӕྕࡋǴྕࡋϩձ

-) : ࣁ -)288K ǵ(- -)298Kǵ(- -)308Kǵ(- -)318KǶ 
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კ4.53  ӧۓڰྋᏊᕉρ₧చҹΠ3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊໩

ԄൂᡏޑъଯቨჹᐚࡋբკǴᡂϯόӕྕࡋǴྕࡋϩձࣁ : 
(- -) 288K ǵ(- -)298Kǵ(- -)308Kǵ(- -)318KǶ 
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კ 4.54   ӧۓڰྋᏊᕉρ₧చҹΠ 3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊

ϸԄൂᡏޑъଯቨჹᐚࡋբკǴᡂϯόӕྕࡋǴྕ  : ࣁϩձࡋ
(- -)288K ǵ(- -)298Kǵ(- -)308Kǵ(- -)318KǶ 
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კ4.55  ӧۓڰྋᏊѤෛΌ౎చҹΠ3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊

໩ԄൂᡏޑъଯቨჹᐚࡋբკǴᡂϯόӕྕࡋǴྕ  : ࣁϩձࡋ
(- -)288Kǵ(- -)298Kǵ(- -)308Kǵ(- -)318KǶ 
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კ4.56  ӧۓڰྋᏊѤෛΌ౎చҹΠ3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊

ϸԄൂᡏޑъଯቨჹᐚࡋբკǴᡂϯόӕྕࡋǴྕ  : ࣁϩձࡋ
(- -)288K ǵ(- -)298Kǵ(- -)308Kǵ(- -)318KǶ 
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კ4.57  ӧۓڰྋᏊٌ҅₧చҹΠ3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ᚈ

ᡏޑъଯቨჹᐚࡋբკǴᡂϯόӕྕࡋǴྕࡋϩձࣁ : (-
-)288K ǵ(- -)298Kǵ(- -)308Kǵ(- -)318KǶ 
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კ4.58  ӧۓڰྋᏊ۪҅₧చҹΠ3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ᚈ

ᡏޑъଯቨჹᐚࡋբკǴᡂϯόӕྕࡋǴྕࡋϩձࣁ : (-
-)288K ǵ(- -)298Kǵ(- -)308Kǵ(- -)318KǶ 
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კ4.59  ӧۓڰྋᏊᕉρ₧చҹΠ3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ᚈ

ᡏޑъଯቨჹᐚࡋբკǴᡂϯόӕྕࡋǴྕࡋϩձࣁ : (-
-)288K ǵ(- -)298Kǵ(- -)308Kǵ(- -)318KǶ 
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კ4.60  ӧۓڰྋᏊҘ୷ᕉρ₧చҹΠ3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ

✊ᚈᡏޑъଯቨჹᐚࡋբკǴᡂϯόӕྕࡋǴྕࡋϩձࣁ : 
(- -)288K ǵ(- -)298Kǵ(- -)308Kǵ(- -)318KǶ 
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კ4.61  ӧۓڰྋᏊѤෛΌ౎చҹΠ3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊

ᚈᡏޑъଯቨჹᐚࡋբკǴᡂϯόӕྕࡋǴྕࡋϩձࣁ : (-
-)288K ǵ(- -)298Kǵ(- -)308Kǵ(- -)318KǶ 
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4.5 ణᗖణᗖణᗖణᗖϷྋᏊਏᔈϷྋᏊਏᔈϷྋᏊਏᔈϷྋᏊਏᔈჹᕴವԸ֎ԏ߯ኧޑቹៜჹᕴವԸ֎ԏ߯ኧޑቹៜჹᕴವԸ֎ԏ߯ኧޑቹៜჹᕴವԸ֎ԏ߯ኧޑቹៜ 

    வჴᡍ่݀ךॺว౜ǴᚈᡏޑᕴವԸ֎ԏ߯ኧᇻεൂܭᡏޑᕴವ

Ը֎ԏ߯ኧǶC. M. Huggins59฻ΓࣴزᎉለޑԾ่ӝϷ R. E. Asfin60

฻ΓࣴزԛᕗለޑԾ่ӝύளډᚈᡏޑᕴವԸ֎ԏ߯ኧᇻεൂܭᡏ

ᕴವԸ֎ԏ߯ኧǶҗޑ G. C. Pimentel61ޑਜύගډǴڀణᗖமࡋԿϿ

εൂܭᡏமࡋϖ७Ǵځ᏾౛΋٤ϯӝނ(ڀణᗖ/ൂᡏ)மࡋКǴӵ߄

 ҢǶ܌4.4
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߄ 4.4    όӕϯӝځނ(ڀణᗖ/ൂᡏ)மࡋК 61 
[ЇԾ Table 3-VII in ref. 61, G. C. Pimentel and A. L. McClellan, The 
Hydrogen Bond (W. H. Freeman, New York, 1960), p. 102.] 

 

ACID  BASE  
B (H bond)×10-3 

 
B (H bond) 

  
( L cm-2mole-1) 

 
B (monomer) 

phenol 
 

benzene 
 

16 
 

2.1 
phenol 

 
ethyl acetate 

 
84 

 
7.2 

phenol 
 

acetonitrile 
 

50 
 

4.3 
phenol 

 
diethyl ether 

 
80.3 

 
6.9 

phenol 
 

hexamethylene 
    

  
tetramine 

 
124 

 
10.7 

n-butyl alcohol 
 

diethyl ether 
 

38 
 

5.3 
sec-butyl alcohol 

 
diethyl ether 

 
32 

 
5.5 

t-butyl alcohol 
 

diethyl ether 
 

26 
 

6.2 
γ-butyrolactam 

      
dimer 

   
41 

 
14 

acetic acid dimer 
   

74 
 

37 
methanol 
polymer    

24 
 

5 

H2O polymer 
   

--- 
 

12 
N-ethylacetamide 

      
polymer 

   
44 

 
19 

CDCl3  
benzene 

 
0.31 

 
6.2 

CDCl3  
ethyl acetate 

 
--- 

 
9.5 

CDCl3  
acetone 

 
0.54 

 
10.8 

CDCl3  
N-ethylacetamide 

 
1.7 

 
34 

     
 
 
 
 
 
 
 
 



262 
 

     G. C. Pimentel61ᆶ T. Ebata62ᇡࣁ྽ణᗖ׎ԋਔǴ፦ηڙᡏ B ޑ

ႝ಻ O- q ௗ߈፦ηϒᡏ A-H ٬ H ಻ႝޑ Oq Ǵ٬ B ಻ႝޑ O- q Ϸ H ޑ

ႝ಻ Oq ϩթ࡚ቃׯᡂǴ೭Ψ೷ԋΑଽཱུຯׯޑᡂǴӵკ ҢǶ܌4.67

җკ ୏ቚуΑ౽ޑ಻ႝޕ4.62 ) /( drdµ ǴԶமࡋ I ҅К 2) /( drdµ ǴҗԜ

ᡂǴ຾ԶΨቚуΑᚈᡏமׯޑ୏೷ԋଽཱུຯ౽ޑၰႝ಻ޕॺёаך

 Ƕࡋ

 

 

 

კ 4.62    ፦ηϒᡏႝޑ಻ϩթׯᡂǴ೷ԋଽཱུຯׯޑᡂ 61 
[ЇԾ Figure 8-7 in ref. 61, G. C. Pimentel and A. L. McClellan, The 
Hydrogen Bond (W. H. Freeman, New York, 1960), p. 248.] 
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    ӧҁჴᡍύךॺׯᡂྋᏊޑᅿᜪǴаᢀჸྋᏊਏᔈჹ N-H ୷֎

ԏ஥ޑᕴವԸ֎ԏ߯ኧቹៜǶM. I. Nasser63฻ΓࣴزྋᏊਏᔈჹΒश

ữ N-H ୷֎ԏ஥மࡋ฻ቹៜǴբޣஒόӕྋᏊΠΒशữ N-H ୷֎ԏ

஥மࡋϷ 1)(2 /)1( +− DD ॶ᏾౛ӵΠ߄ 4.5Ǵ٠а N-H ୷֎ԏ஥மࡋ

ჹ 1)(2 /)1( +− DD ଺კǴӵკ 4.63Ƕ 

 
߄ 4.5   ӧόӕྋᏊΠΒशữ N-H ୷֎ԏ஥ޑமࡋ ASǶD ޑྋᏊࣁ

ϟႝதኧॶ 63 
[ЇԾ Figure 2 in ref. 63, M. I. Nasser, Appl. Spectrosc. 28, 545 (1974).] 
 
 

solvent 
AS×10-8 
(N-H) 

(D-1) / (2D+1) 

1.n-Hexane 24.51 0.183 
2.cyclohexane 25.27 0.205 
3.carbon tetrachloride 28.50 0.225 
4.carbon disulfide 32.76 0.261 
5.chloroform 34.53 0.360 
6.methyl iodide 43.21 0.400 
7.ethyl bromide 53.01 0.424 
8.dichloroethane 46.90 0.428 
9.benzene 46.83 0.229 
10.toluene 48.07 0.239 
11.bromobenzene 42.95 0.373 
12.nitrobenzene 72.08 0.478 
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კ 4.63  ӧόӕྋᏊΠΒशữ N-H ୷֎ԏ஥ޑமࡋ AS ჹ

1)(2 /)1( +− DD ଺კǶྋᏊϩձࣁ 1.̔ ρ₧ǵ2.ᕉρ₧ǵ3.
Ѥෛϯᅹǵ4.౷ϯᅹǵ5.Οෛϯᅹǵ6.࿚ϯႇǵ7.ྜྷ ϯႇ₧ǵ

8.Βෛа₧ǵ9.शǵ10.Ҙशǵ11.ྜྷ ϯशǵ12.ฮ୷श 63 
[ЇԾ Figure 2 in ref. 63, M. I. Nasser, Appl. Spectrosc. 28, 545 (1974).] 
 

    җკ ᡂ཮೷ԋΒशữׯޑᒿ๱ྋᏊϟႝதኧޕ4.63 N-H ୷֎ԏ

஥ޑமࡋ ASׯᡂǴՠό΋ۓྋᏊޑϟႝதኧDॶεǴN-H ୷֎ԏ஥

ॺஒྋ፦ך൩ຫமǶӢԜࡋமޑԏ஥֎ࡋமޑ 3,5-ΒҘ୷-2-Όㄽ୷㞓

ࠗ ADP ൂᡏ N-H ୷֎ԏ஥ޑᕴವԸ֎ԏ߯ኧჹ 1)(2 /)1( +− DD ଺

კǴӵკ 4.64Ƕ 
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კ 4.64  ӧόӕྋᏊΠྋ፦ 3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗ ADP ൂᡏ N-H
୷֎ԏ஥ޑᕴವԸ֎ԏ߯ኧჹ 1)(2 /)1( +− DD ଺კǶྋᏊϩ

ձࣁ(- -)ΟෛΌ౎ǵ(- -)ѤෛΌ౎ǵ(- -)ᕉρ₧ǵ(- -)҅
ٌ₧Ϸ(- -)҅ѹ₧ 

 

    კ 4.65ǵ4.66ϩձࣁ 3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ EDPC ໩

ԄǵϸԄൂᡏ N-H ୷֎ԏ஥ޑᕴವԸ֎ԏ߯ኧჹ 1)(2 /)1( +− DD ଺

კǶ 
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კ 4.65  ӧόӕྋᏊΠྋ፦ 3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ EDPC 

໩ Ԅ ൂ ᡏ N-H ୷ ֎ ԏ ஥ ޑ ᕴ ವ Ը ֎ ԏ ߯ ኧ ჹ

1)(2 /)1( +− DD ଺კǶྋᏊϩձࣁ(- -)ѤෛΌ౎ǵ(- -)Ҙ
୷ᕉρ₧ǵ(- -)ᕉρ₧ǵ(- -)ٌ҅₧Ϸ(- -)҅ѹ₧ 
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კ 4.66  ӧόӕྋᏊΠྋ፦ 3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ EDPC 
ϸ Ԅ ൂ ᡏ N-H ୷ ֎ ԏ ஥ ޑ ᕴ ವ Ը ֎ ԏ ߯ ኧ ჹ

1)(2 /)1( +− DD ଺კǶྋᏊϩձࣁ(- -)ѤෛΌ౎ǵ(- -)Ҙ
୷ᕉρ₧ǵ(- -)ᕉρ₧ǵ(- -)ٌ҅₧Ϸ(- -)҅ѹ₧ 

 

ќѦ E. Hirota64ࡰрૈ۔୷֎ԏமࡋᆶྋᏊϟႝதኧϷש৔౗ޑᜢ߯

ԄӵΠ 

 

SA ǵ gA ϩձࣁӧྋᏊΠϷӧ਻ᄊΠૈ۔୷֎ԏமࡋǴnࣁྋᏊשޑ

৔౗ǴDࣁྋᏊޑϟႝதኧǶҗךܭॺ٠คݤளډ਻ᄊΠૈ۔୷֎ԏ

மࡋǴӢԜךॺӃפ΋ྋᏊ྽բୖԵྋᏊǴаӧԜྋᏊΠૈ۔୷ޑ֎

ԏமࡋ྽բୖԵமࡋ r ,SA Ǵ gS AA /r , ё߄Ңࣁ  

 

 
2

2

2

]
)2(3

)12)(2(
[

nD

Dn

A

A

g

S

+
++=  

 

 
(4-12) 
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rn ৔౗ǴשޑԵྋᏊୖࣁ rD ϟႝதኧǶӆஒԄ (4-12)ޑԵྋᏊୖࣁ

ନаԄ (4-13)ǴջёளډӧྋᏊΠૈ۔୷֎ԏமࡋКޑᜢ߯Ԅ 

 

ஒԄ (4-14) ύྋᏊשޑ৔౗аϟႝதኧ߄Ң Dn =2 ǵ rr Dn =2
ǴӢԜ

ёаஒԄ (4-14) ׯቪԋ 

 

 

ॺа۪҅₧྽ୖԵྋᏊǴаྋ፦ך ADPӧ۪҅₧ྋᏊΠޑ N-H ୷֎

ԏ஥ᕴವԸ֎ԏ߯ኧ྽բୖԵமࡋǴ̔ ϟႝதኧ྽բୖԵϟႝǶޑ₧۪

ӵԜёаճҔԄ (4-15) а
r ,

Y
S

S

A

A= ჹ 22 ]
)12(

)12(
[)

2
2

(X
DD

DD

D

D

r

r

r +
+

+
+= ଺კǴ

ӵკ 4.67Ƕ 
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A
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++=  

 

 
(4-13) 
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(4-14) 
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(4-15) 
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კ 4.67  
r ,S

S

A

A
ჹ 22 ]

)12(
)12(

[)
2
2

(
DD

DD

D

D

r

r

r +
+

+
+

଺კǶа۪҅₧྽ୖԵྋᏊǴ

ྋ፦ ADPӧ۪҅₧ྋᏊΠൂᡏ N-H ୷֎ԏ஥ᕴವԸ֎ԏ߯

ኧ྽բୖԵமࡋǴ۪҅₧ޑϟႝதኧ྽բୖԵϟႝǶྋᏊϩ

ձࣁ:(- -)ΟෛΌ౎ǵ(- -)ѤෛΌ౎ǵ(- -)ᕉρ₧ǵ(- -)҅
ٌ₧Ƕჴጕ೽ҽаԄ (4-15)྽բ౛ፕጕ 
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კ 4.68ǵ4.69ϩձࣁྋ፦ EDPC໩ԄǵϸԄൂᡏ N-H ୷֎ԏ஥ޑᕴ

ವԸ֎ԏ߯К
r ,S

S

A

A
ჹ 22 ]

)12(
)12(

[)
2
2

(
DD

DD

D

D

r

r

r +
+

+
+

଺კǶҁჴᡍа۪҅₧྽

଺ୖԵྋᏊǴྋ፦ EDPCӧԜྋᏊΠൂᡏ N-H ୷֎ԏ஥ޑᕴವԸ֎

ԏ߯ڙ྽բୖԵமࡋǴ٠аԄ (4-15) ྽բ౛ፕጕǶ 
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,r
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/(2D
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+1)D]2  

 

კ 4.68  
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ჹ 22 ]
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r

r

r +
+

+
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଺კǶа۪҅₧྽ୖԵྋᏊǴ

ྋ፦ EDPCӧ۪҅₧ྋᏊΠޑ໩Ԅൂᡏ N-H ୷֎ԏ஥ᕴವ

Ը֎ԏ߯ኧ྽բୖԵமࡋǴ̔ ϟႝதኧ྽բୖԵϟႝǶޑ₧۪

ྋᏊϩձࣁ:(- -) ѤෛΌ౎ǵ(- -)ᕉρ₧ǵ(- -)Ҙ୷ᕉρ₧ǵ

(- -)ٌ҅₧Ƕჴጕ೽ҽаԄ (4-15)྽բ౛ፕጕ 
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კ4.69  ஒ
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଺კǶа۪҅₧྽ୖԵྋᏊǴ

ྋ፦ EDPCӧ۪҅₧ྋᏊΠޑϸԄൂᡏ N-H ୷֎ԏ஥ᕴವ

Ը֎ԏ߯ኧ྽բୖԵமࡋǴ̔ ϟႝதኧ྽բୖԵϟႝǶޑ₧۪

ྋᏊϩձࣁ:(- -) ѤෛΌ౎ǵ(- -)ᕉρ₧ǵ(- -)Ҙ୷ᕉρ₧ǵ

(- -)ٌ҅₧Ƕჴጕ೽ҽаԄ (4-15)྽բ౛ፕጕ 
 

    ќѦךॺΨ௖૸ྋᏊਏᔈჹᚈᡏம܌ࡋ೷ԋޑቹៜǴճҔԄ 

(4-15)Ӄа۪҅₧྽ୖԵྋᏊǴྋ፦ ADP ӧ۪҅₧ྋᏊΠᕉރᚈᡏ

N-H ୷֎ԏ஥ᕴವԸ֎ԏ߯ኧ྽բୖԵமࡋǴനࡕа
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଺კǶа۪҅₧྽ୖԵྋᏊǴ

ྋ፦ ADPӧ۪҅₧ྋᏊΠᕉރᚈᡏ N-H ୷֎ԏ஥ᕴವԸ֎

ԏ߯ኧ྽բୖԵமࡋǴ۪҅₧ޑϟႝதኧ྽բୖԵϟႝǶྋ

Ꮚϩձࣁ:(- -)ΟෛΌ౎ǵ(- -)ѤෛΌ౎ǵ(- -)ᕉρ₧ǵ(-
-)ٌ҅₧Ƕჴጕ೽ҽаԄ (4-15)྽բ౛ፕጕ 

 

    ӕ౛კ ྋ፦ࣁ4.71 EDPCӧ۪҅₧ྋᏊΠᕉރᚈᡏ N-H ୷֎ԏ

஥ ᕴ ವ Ը ֎ ԏ ߯ ኧ ྽ բ ୖ Ե ம ࡋ Ǵ ന ࡕ а
r ,

Y
S

S

A

A= ჹ

22 ]
)12(

)12(
[)

2
2

(X
DD

DD

D

D

r

r

r +
+

+
+= ଺კǶ 

 
 
 
 



273 
 

1.00 1.05 1.10 1.15

0.6

0.8

1.0

1.2

1.4

A
S
/A

S
,r

[(D+2)/(D
r
+2)]2[(2D+1)D

r
/(2D

r
+1)D]2  

 

კ4.71  ஒ
r ,S

S

A

A
ჹ 22 ]

)12(
)12(

[)
2
2

(
DD

DD

D

D

r

r

r +
+

+
+

଺კǶа۪҅₧྽ୖԵྋᏊǴ

ྋ፦ EDPCӧ۪҅₧ྋᏊΠޑᕉރᚈᡏ N-H ୷֎ԏ஥ᕴವ

Ը֎ԏ߯ኧ྽բୖԵமࡋǴ̔ ϟႝதኧ྽բୖԵϟႝǶޑ₧۪

ྋᏊϩձࣁ:(- -) ѤෛΌ౎ǵ(- -)ᕉρ₧ǵ(- -)Ҙ୷ᕉρ₧ǵ

(- -)ٌ҅₧Ƕჴጕ೽ҽаԄ (4-15)྽բ౛ፕጕ 
 

    ஒҁჴᡍ่݀ޑ঺Ε M. I. Nasser63Ϸ E. Hirota64ޑБݤύǴҗკ

ᚈᡏ܈Ǵόፕൂᡏޕ4.64-4.71 N-H ୷֎ԏ஥ᕴವԸ֎ԏ߯ኧǴ٠ό

΋ۓᒿྋᏊޑϟႝதኧຫεǴૈ۔୷֎ԏ஥மࡋຫமǶ 
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ಃϖകಃϖകಃϖകಃϖക  ่ፕ่ፕ่ፕ่ፕ 

    ճҔआѦӀ᛼аࣴز 3,5-ΒҘ୷-2-Όㄽ୷㞓ࠗ(2-Acetyl-3,5-di- 

methylpyrroleǴADP)ک 3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊(Ethyl3,5-di- 

methyl-1H-pyrrole-2-carboxylateǴEDPC)೭ٿϯӝނӧྋᏊύޑԾ่

ӝ౜ຝǴ٠௖૸ࡋྕځϷྋᏊਏᔈǶ 

ᘜયҁЎ่݀زࣴޑ: 

1. ADP ӧีᖓྋనΠև౜໩ԄൂᡏǵᕉރᚈᡏӅӸǶೀ౛ൂᡏ N-H

୷֎ԏࡋኧᏵϦԄ (2-13) Ϸᚈᡏ N-H ୷֎ԏࡋኧᏵϦԄ (2-17) Ǵ

ளൂډᡏǵᚈᡏᕴವԸ֎ԏ߯ኧ mε ǵ dε ϷԾ่ӝѳᑽதኧ dK ǶԜ

БޑݤᓬᗺӧܭёҗϦԄ (2-13) Ϸ (2-17) ϩձᐱҥ؃р dK Ǵ dK

ϐ໔ޑৡॶёҔаᔠຎჴᡍኧᏵޑё᎞܄ǶճҔόӕྕࡋΠޑѳ

ᑽதኧ dK ଺ van’t Hoff კёаளډԾ่ӝޑ኱ྗ₲ OH∆ Ϸ኱ྗ⪖

OS∆ Ƕ 

2.  EDPCӧีᖓྋనΠև౜໩ԄǵϸԄൂᡏϷᕉރᚈᡏӅӸǶҁჴ

ᡍ܌௢ᏤཥޑϦԄǴаೀ౛೬ᡏ፾ှޑӀ᛼ၗ਑Ƕՠவጕ܄ϦԄ 

౗௹ޑ (2-33) CP ǵᄒຯ CQ ǵԄ (2-36)ޑ௹౗ tP ǵᄒຯ tQ  ϷԄ 

౗௹ޑ(2-39) dP ǵᄒຯ dQ  ύǴନΑᚈᡏᕴವԸ֎ԏ߯ኧ dε ёҗ

dQ ளډѦǶځᎩ٠คݤҗ CP ǵ tPǵ dP Ϸ CQ ǵ tQ ؃ள໩ԄǵϸԄ

ൂᡏᕴವԸ֎ԏ߯ኧ Cε ǵ tεϷൂᡏᄬࠠᙯඤѳᑽதኧ 1K ǵԾ่ӝ
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ѳᑽதኧ 2K Ƕ࿶а CP ǵ tPǵ CQ Ϸ tQ ޑ Jacobianڄኧᔠຎ᛾ܴр

೭٤చҹԄڄኧ࣬٩Ƕࣁլܺ࣬܌܄٩஥ٰ֚ޑნǴ࿶җѠε᝵

շǴճҔ౛ፕीᆉڐޑԴৣܴד PBE1PBE/6-311++G**ૈ่݀ޑ

Ⴃෳрё᎞ޑ໩ԄǵϸԄൂᡏ N-H ୷֎ԏ஥ᕴವԸ֎ԏ߯ኧК

tC  / εε ǶޣࡕϷჴᡍ؃ளޑ tA ǵ CA жΕёளൂᡏᄬࠠᙯඤѳᑽத

ኧ
t

C
1

ε

ε

A

A
K

C

t= Ƕ 1K ӆжΕԄ (2-33) ޑ CP ǵ CQ ǵԄ (2-36) ޑ tQ Ϸ

Ԅ (2-39) ޑ dPǴё຾΋؁Ӧ؃ள Cεǵ tεϷ 2K ǶҗόӕྕࡋΠޑ 1K ǵ

2K ଺ van’t Hoff კёаளൂډᡏᄬࠠᙯඤޑ኱ྗ₲ O
1H∆ ǵ኱ྗ⪖

O
1S∆ ϷԾ่ӝޑ኱ྗ₲ O

2H∆ Ϸ⪖ O
2S∆ Ƕ 

3.  җܭྋ፦ ADP ղᘐёځᚈᡏǶ܄ጕࢂ܈ᚈᡏރᕉࣁᚈᡏёૈޑ

٩Ԅ (4-6) Ǵа dm AA  /)( 2 ჹᐚࡋ Oc բკǶऩ dm AA  /)( 2 ჹᐚࡋ Oc բკ

ΠྕۓᚈᡏǶӧރᕉࣁҢᚈᡏ߄НѳጕǴࣁ dm AA  /)( 2 ჹᐚࡋ Oc բ

კǴ่݀ࣁ ADPӧόӕྋᏊύࣣև౜НѳǴӢԜ௢ᘐ ADPᚈᡏ

ӧ೭٤ྋᏊύࣁᕉރǶE. Affsprung13ҭаԜБݤղᘐ΍ϣㄽữᚈ

ᡏࣁᕉރᚈᡏǶ 

4.  җ KBM47,48ޑՏ౽ϦԄ (4-7) ޕǴ྽ྋᏊޑϟႝதኧຫεǴཱུ܄

ຫεǴൂǵᚈᡏ N-H ୷ޑ՜ᕭਁ୏ᓎ౗཮۳եᓎՏ౽Ƕྕࡋҭ

཮ቹៜډϟႝதኧǴ྽ྕࡋϲଯਔ཮फ़եྋᏊޑϟႝதኧǴ٬ྋ
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Ꮚཱུ܄फ़եǴྋ፦ൂǵᚈᡏ N-H ୷ޑ՜ᕭਁ୏ᓎ౗཮ຫ۳ଯᓎ

౽୏Ƕ 

5.  வ ADP ᆶ EDPCޑआѦӀ᛼ୀෳൂډᡏ N-H ୷ޑ՜ᕭਁ୏ᓎ౗

཮ӧၨଯᓎޑՏ࿼Ǵᚈᡏ N-H ୷ޑ՜ᕭਁ୏ᓎ౗཮ӧၨեᓎޑ

Տ࿼Ǵޣٿৡຯεऊ 1 150 −cm ǶD. Sajan54ࣴزᎇᜪԾ่ӝਔҭԖ

࣬ӕୢᚒǶдᇡࣁ፦ηڙᡏ O ගېٮჹႝη๏፦ηϒᡏ O-H ޑ

ϸᗖ่ॉୱ abσ Ǵ೷ԋԜॉୱႝޑηۚໆቚуǴΨ٬ள፦ηϒᡏ

ޑ O-H ᗖᡂ১ǴᡂߏǶӢԜᚈᡏ O-H ୷ޑ՜ᕭਁ୏ᓎ౗཮Տ౽

 եᓎՏ࿼Ƕډ

6.   வ Onsager50ޑ౛ፕޕǴ྽ྋᏊޑϟႝதኧ D ຫεǴ٬ྋ፦ڙ܌

ϸᔈ൑ޑ
3)12(

)1(2
aD

D
R

µ
+
−= ΨຫεǴ೷ԋൂᡏૈ໘Πफ़ໆ    U µR/2=

ΨຫεǶҗܭᚈᡏࢂаᕉރᚈᡏӸӧǴځଽཱུຯᖿܭ߈ 0Ǵڙ܌

ቹៜǶӢԜёа௢ᘐǴޑྋᏊڙϸᔈ൑ቹៜၨλǴᚈᡏૈ໘ၨόޑ

ᒿྋᏊޑϟႝதኧຫεԾ่ӝޑ኱ྗ₲ຫλǶϸϐ྽س಍ྕࡋቚ

уǴྋᏊޑ D Πफ़Ǵ٬Ծ่ӝޑ኱ྗ₲෧ϿǶ 

7.   җԄ (4-11) ޕ྽ྋᏊཱུ܄ቚуǴྋ፦ᆶྋᏊϐ໔ޑ༾ᘋޑҬϕ

բҔૈΨቚεǴቚуϩηਁ୏ૈ໘வᐟวᄊ௞ډ୷ᄊޑ૰ଏೲ౗Ǵ

ӢԜΨ೷ԋΑъଯቨᡂቨǶ 

8.  җჴᡍ่݀ว౜ǴᚈᡏޑᕴವԸ֎ԏ߯ኧᇻεൂܭᡏޑᕴವԸ֎
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ԏ߯ኧǶG. C. Pimentel61ᆶ T. Ebata62ᇡࣁ྽ణᗖ׎ԋਔǴ፦ηڙ

ᡏC=Oႝޑ಻ O- q ௗ߈፦ηϒᡏN-H୷ਔǴ٬Hႝޑ಻ Oq ϷC=O

಻ႝޑ O- q ϩթ࡚ቃׯᡂǴቚуΑଽཱུຯׯޑᡂ౗ ) /( drdµ ǴԶம

ࡋ I ҅К 2) /( drdµ ǴҗԜቚуΑᚈᡏ N-H ୷ޑமࡋǶҁჴᡍ௖૸

ྋᏊჹᚈᡏ N-H ୷மޑࡋቹៜਔǴ঺ҔΑ M. I. Nasser63 ک E. 

Hirota64 ᡉ๱ǴӢԜคࡐࢂቹៜόޑࡋǴՠྋᏊਏᔈჹமݤБޑ

Ҭϕբޑྋ፦ᆶྋᏊϐ໔ډᗋाԵቾࢂញǶ೭ёૈှݤҔԜБݤ

ҔǴ཮ჹଽཱུຯׯޑᡂ౗ drd /µ ೷ԋቹៜǶ 
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ᒵߕᒵߕᒵߕᒵߕ A Ծ่ӝ٬ྋనև౜ߚ౛གྷޑ܄ᇥܴԾ่ӝ٬ྋనև౜ߚ౛གྷޑ܄ᇥܴԾ่ӝ٬ྋనև౜ߚ౛གྷޑ܄ᇥܴԾ่ӝ٬ྋనև౜ߚ౛གྷޑ܄ᇥܴ 

౛གྷྋనߚց೷ԋࢂ፦ᢀᗺٰ௖૸Ծ่ӝ܄ॺவ٩ኧך     6ǶӢ٩

ኧ܄፦ѝᆶಈηঁኧԖᜢԶᆶಈηނᅿคᜢǴӧൂᚈᡏӅӸ௃ݩΠᕴ

ᐚࡋ O][ ′B  ࣁ

 
 
 O2 ][][][ ′=+ BBB  

 

(A-1) 
 

ќ΋Бय़җܭ፦ໆ่ᆉ (material balance) 

  
 
 O2 ][]2[][ BBB =+  

 

(A-2) 
 

Ԅύ O][B ࣁ B ǶऩคԾ่ӝǴ(prepared concentration) ࡋଛ࿼ᐚޑ

0][ 2 =B Ǵ OO ][][ BB =′ Ǵ߾ 1
][

][

O

O =
′

B

B
ǴԜࣁ౛གྷྋనޑ௃׎ǶऩӸӧԾ่

ӝ OO ][][ BB <′ Ǵ٬ྋనև౜ߚ౛གྷ܄Ǵୃځৡёҗ
O

O

][

][
-1

B

B ′
=η ໆࡋϐǶ

ஒϦԄ (A-1) ନаϦԄ (A-2)ǴжΕηύǶ酚

 
 OO

O

O

O

][
][

][

])[-]([
-1

][

][
-1

B

B

B

BB

B

B ==
′

=η  

 

(A-3) 
 

Ծ่ӝѳᑽதኧ K Ψёаቪԋ 

 
 

2

O

][
2

][-][

B

BB

K =  

 

(A-4) 
 

җ΢Ԅှр ][B Kࣁ Ϸ ][ 0B ࣁኧڄޑ
K

BK
B

4

][811-
  ][ 0++

=  
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٠жΕϦԄ (A-3) ள 

 
 
 O][811

1
-

2

1

BK++
=η  

 

(A-5) 
 

٩ϦԄ (A-5)Ǵηჹ O][B ଺კள่݀ډӵკ A.1 

0.000 0.005 0.010 0.015 0.020 0.025 0.030 0.035
0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

η

[B]
O
 / mol L-1

K=60

K=30

K=10

K=2

 

 

კ A.1   Ծ่ӝѳᑽதኧࣁ K = 2ǵK = 10ǵK = 30Ϸ K = 60ਔǴηᆶ

O][B ٩Ӹᜢ߯Ƕ 

 

வკ A.1 ว౜ǴӧཱུีញྋనΠ 0≅η Ǵௗ߈౛གྷྋనǶ྽ԖԾ่ӝਔǴ

ηᒿ๱ O][B Ϸ K  ቚуԶቚуǴջྋనຫୃᚆ౛གྷǶޑ
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ᒵߕᒵߕᒵߕᒵߕ B ౛ፕीᆉ౛ፕीᆉ౛ፕीᆉ౛ፕीᆉ೽ҽ೽ҽ೽ҽ೽ҽ 

B.1 ᄔाᄔाᄔाᄔा 

    ҁჴᡍࣴز 3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊(Ethyl3,5-dimethyl- 

1H-pyrrole-2-carboxylateǴEDPC)ӧྋనύޑԾ่ӝǶ٠คݤҗϦԄ 

(2-33) ǵϦԄ (2-36) کϦԄ (2-39) ޑ௹౗ǵᄒຯ؃р໩Ԅൂᡏ֎ԏ

߯ኧ Cε ǵϸԄൂᡏ֎ԏ߯ኧ tεǵᄬࠠᙯඤѳᑽதኧ 1 K ϷൂᡏԾ่ӝѳ

ᑽதኧ 2 K ǶࣁΑլܺ࣬܄٩೷ԋ֚ޑნǴаჴᡍଛӝ౛ፕޑБԄӃ

ஒځύ΋ঁӀ᛼ୖኧ؃рǶҗϦԄ (2-46) ޕ 

 

 
t

C

C

t

ε

ε

A

A
K =1  

 

 
(2-46) 

    ೸ၸ౛ፕीᆉ่ޑ Ǵ݀ёа؃рё᎞ޑ໩ԄൂᡏᆶϸԄൂᡏ֎ԏ

߯ኧКॶ tC / εε Ƕҗ೬ᡏёа፾ှआѦӀ᛼Ǵ຾Զளډ໩ԄᆶϸԄൂ

ᡏ NH ՜ᕭਁ୏ӧ֎ԏ஥ޑ֎ԏࡋ CA ǵ tAǴӢԜԖΑ೭٤ୖኧջёа

؃рൂᡏᄬࠠᙯඤѳᑽதኧ 1K Ƕӆஒ 1K жΕϦԄ (2-33) ǵ (2-36) ک

ϦԄ (2-39) ޑ௹౗ǵᄒຯ؃р໩ԄǵϸԄൂᡏᕴವԸ֎ԏ߯ኧ
C
ε ǵ tε

ϷൂᡏԾ่ӝѳᑽதኧ 2 K ǶᚈᡏᕴವԸ֎ԏ߯ኧ dε ᐱҥୖኧǴёࢂ

аҗԄ (2-39) ޑᄒຯ؃ளǶ 

    ҁጇ౛ፕीᆉ೽ϩࢂҗѠε᝵ܴדԴৣճҔ౛ፕीᆉޑБԄ؃

ளޑǴ௦Ҕ঺း೬ᡏ Gaussian 0365բ Ab inito ϩηॉୱ౛ፕीᆉǴа

ளډϩηӧԾ่ӝᆶᄬࠠᙯඤޑ኱ྗ⪖ǵԾҗૈǶځीᆉޑБࢂݤճ
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Ҕႝηஏڄݱࡋ౛ፕ (Density functional theory)ύޑ B3LYPБݤǴ٠

ଛӝ୷ۭڄኧ (basis sets)6-31+G**բ่ᄬന٫ϯ (geometry optimize)Ƕ

ዴᇡᛙۓᄬࠠਔǴճҔ Hartree-Fock౛ፕύޑ MP2 БݤǴӆଛӝ୷

 ᄬૈໆǶ่ۓኧ (basis sets) 6-311+G(2d,p)؃ᛙڄۭ

    ӧीᆉ N-H ՜ᕭਁ୏ᓎ౗Տ࿼Ϸ֎ԏமࡋǴࢂճҔႝηஏݱࡋ

ޑ౛ፕ (Density functional theory)ύڄ PBE1PBEБݤǴ٠ଛӝ୷ۭڄ

ኧ (basis sets) 6-311++G**؃ள՜ᕭਁ୏ᓎ౗Տ࿼ϷமࡋǶ 

    ीᆉ᏾ঁϩηޑଽཱུຯ (dipole moment) ਔǴځीᆉޑБࢂݤճ

Ҕႝηஏڄݱࡋ౛ፕ (Density functional theory) ύޑ PBE1PBEБݤǴ

٠ଛӝ୷ۭڄኧ  (basis sets) 6-311++G** բ่ᄬന٫ϯ  (geometry 

optimize)ǶዴᇡᛙۓᄬࠠਔǴӆճҔHartree-Fock౛ፕύޑMP2БݤǴ

ଛӝ܌ᒧޑ୷ۭڄኧ (basis sets) 6-311+G(2d,p)؃ᛙ่ۓᄬޑଽཱུ

ຯǶ 

    ҁჴᡍࣴزྋ፦ޑԾ่ӝǴׯᡂόӕྋᏊǴа؃ྋᏊჹԾ่ӝޑ

ቹៜǶ౛ፕीᆉ௦ҔԾಔϸᔈ൑ (Self-Consistent Reaction FieldǴSCRF) 

ݤБޑ 66ǶԜБݤଷ೛ྋᏊࢂ΋ೱុ֡Ϭϟ፦Ǵϟႝதኧ εǴྋ፦ӵ

΋ঁࢰޜ (cavity) ࿼ܭԜ֡Ϭϟ፦ύǴԾಔϸᔈ൑ SCRF္Ԗόӕޜ

ϸᔈ൑Ǵӵკکကۓ (cavity)ࢰ B.1ǵკ B.2Ƕ 
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კ B.1   Onsager ۓကϩηޑኳࠠǶ 

    നᙁൂޑ SCRFኳԄࢂ Onsagerϸᔈ൑ኳԄǶஒྋ፦གྷႽࢂ΋ঁ

ъ৩ oa Ԗ҉Φଽڀي༝ౚǴӢྋ፦ҁޑ Ǵཱུᇨ٬ྋᏊౢғଽཱུႝک൑Ǵ

ϸၸٰբҔܭϩηଽཱུǴ٬᏾ঁᕉნೀܭᛙۓ௃׎Ƕ 

 

კ B.2   Tomasi´s ۓကϩηޑኳࠠǶ 

    Tomasi´s೏ཱུϯೱុኳԄ (Polarized Continuum ModelǴPCM)Ǵ

Ǵ؂ঁচηೱௗଆٰǴ׎΋ঁౚࢂஒচηགྷႽࢂကǴۓޑ (cavity)ࢰޜ

ቹៜǴ೏аኧॶᑈޑᄬǶྋᏊ೏ཱུϯЪჹྋ፦ౢғբҔ่ޑԋྋ፦׎

ϩޑБԄीᆉǶ 
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B.1.1 ஏڄݱࡋ౛ፕஏڄݱࡋ౛ፕஏڄݱࡋ౛ፕஏڄݱࡋ౛ፕ (Density Functional TheoryǴǴǴǴDFT) 

ԃٰ౛ፕीᆉԖ߈     Hatree-Fock ǵъჴᡍϦԄǵӭᡏ༾ᘋکஏࡋ

ύځ౛ፕǶޑ౛ፕ฻฻ीᆉڄݱ Hatree-FockӢ۹ౣΑႝηᆶႝηϐ

໔ޑբҔΚǴӢԜӧૈໆޑीᆉ΢཮ԖܴᡉᇤৡǶஏڄݱࡋ౛ፕԵቾ

Αႝηᆶႝηϐ໔ޑբҔΚǴӢԜӧीᆉૈໆБय़КၨྗዴǶޑ޸܌

ਔ໔ΨКၨϿǴӢԜ߈ԃٰԜ౛ፕीᆉБݤ೏ቶ٬ࣁҔǶԜ౛ፕ٠ό

ࡋஏޑीᆉႝηࢂኧǴԶڄݢޑௗीᆉϩηޔ ρ(electron density)Ǵ٠

җ ρीᆉрႝηૈໆǶӧ 1964ԃ Hohenberg ᆶ Kohn᛾ܴΑႝη୷

ᄊૈໆϷځдႝη܄፦Ǵ໻җႝηஏࡋջё،ۓǴளډ

Hohenberg-Kohn ౛ፕǶ 

    ჹ࠾ܭഈෘቫ (close shell) س಍Ǵҗ Kohnک Shan67ޑ౛ፕύග

ډ nঁႝηس಍ޑ୷ᄊૈໆ )(E ρ  ࣁ

 

 

∫

∑∫

ρ+ρρ+

ρΨ∇ΨΣ=ρ
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(B-1) 

    iΨ ໔ॉୱ (i=1,2,3…n)Ǵޜηႝൂࣁ IZ চηׇǴρ(r)ޑচηਡࣁ

Ңԋ߄ёаࡋηஏႝࣁ ∑
=

Ψ=ρ
n

i
i rr

1

2
)()( Ƕ Ԅ (B-1) ಃ΋໨߄Ңႝη

୏ૈ໨ǴಃΒ໨߄Ңႝηᆶচηਡϐ໔֎ЇǴಃΟ໨ж߄ᕴႝ಻ϩթ

 ໆ(exchange-correlationૈޑڄݱҬඤ࣬ᜢࣁ΋໨ࡕ৤উբҔΚǴനޑ

energy) )(Exc ρ Ƕ౜Ϟϝคݤளډ )(Exc ρ ੿ჴှǴѝૈа߈՟ޑБԄள
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 Ƕډ

 

B.1.2 ӭᡏ༾ᘋ౛ፕӭᡏ༾ᘋ౛ፕӭᡏ༾ᘋ౛ፕӭᡏ༾ᘋ౛ፕ 

    1934ԃ MØller-PlessetගрΑӭᡏᆢᘋ౛ፕǴЇΕΑ༾ᘋڄݢޑ

ኧǴҞࢂޑೀ౛ӭႝηس಍߈՟ှୢޑᚒǴՠԜ౛ፕΨज़ڋѝૈၮᆉ

୷ᄊϩηǶ 

җϦԄ (B-2) ԵቾΑ༾ᘋޑ Hamiltonianၮᆉη Ĥ 

 

 

Ĥ = Ĥo+ Ĥ´ 
 

(B-2) 
 

    Ĥoࣁ҂༾ᘋޑ HamiltonianၮᆉηǴĤ༾ᘋޑ Hamiltonianၮᆉ

ηǴĤ´༾ᘋᆶ҂༾ᘋޑ HamiltonianৡၮᆉηǶ 

    ஒԄ (B-2) ᔈҔӧ SchrödingerБำԄ΢ 

 

 
Ĥ nΨ =( Ĥo+ Ĥ´) nΨ = nnE Ψ  

 

(B-3) 
 

    җܭाԵቾ༾ᘋ໨ǴЇΕ΋ঁ༾ᘋୖኧλǴλቚу߄Ң༾ᘋቚуǶ

ኧڄݢ༾ᘋڙ nΨ Ϸૈໆ nE аੀୌ৖໒Ԅ߄Ңԋ 

 

 
...

2!

2

0

2

2

0
0

+λ
λ∂
Ψ∂+λ

λ∂
Ψ∂+Ψ=Ψ

=λ=λ
=λ
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nn  

(B-4) 
 

 

 
...

2!

2

0

2

2

0
0

+λ
λ∂

∂+λ
λ∂

∂+=
=λ=λ

=λ
nn

nn

EE
EE  

(B-5) 
 

྽ 0=λ ջ߄Ң҂ڙ༾ᘋ (0)
nn Ψ=Ψ Ъ (0)

nn EE = Ǵۓ٠က
)(k

nΨ 、
)(k

nE  
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(B-6) 
 

ஒϦԄ (B-6) жΕϦԄ (B-4) کϦԄ (B-5) ύ 

 

 

)((2)2(1)(0) ... k
n

k
nnnn Ψλ++Ψλ+Ψλ+Ψ=Ψ  

(B-7) 
 

 

 

)((2)2(1)(0) ... k
n

k
nnnn EEEEE λ++λ+λ+=  

(B-8) 
 

ӆஒϦԄ (B-7) ϷϦԄ (B-8) жΕϦԄ (B-3) ύ 

 

 
( Ĥo+ Ĥ´)( ...(2)2(1)(0) +Ψλ+Ψλ+Ψ nnn ) 

=( ...(2)2(1)(0) +λ+λ+ nnn EEE )( ...(2)2(1)(0) +Ψλ+Ψλ+Ψ nnn ) 

 

(B-9) 
 

ஒλ໨ޑ೽ϩ᏾౛ 

 

 

:0λ  Ĥo (0)
nΨ = (0)

nE (0)
nΨ  

 

(B-10) 
 

 

 

:1λ  Ĥ´ (0)
nΨ  + Ĥo (1)

nΨ  = (1)
nE (0)

nΨ + (0)
nE (1)

nΨ  

 

(B-11) 
 

 

 

:2λ  Ĥo (2)
nΨ + Ĥ´ (1)

nΨ = (0)
nE (2)

nΨ + (1)
nE (0)(2)(1)

nnn E Ψ+Ψ  
(B-12) 
 

Ԝࣁ΋໘ૈໆঅ҅໨ݤ؃ޑ 
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B.2  ౛ፕीᆉ౛ፕीᆉ౛ፕीᆉ౛ፕीᆉ 3,5-ΒҘ୷ΒҘ୷ΒҘ୷ΒҘ୷-1H-㞓ࠗ㞓ࠗ㞓ࠗ㞓ࠗ-2-ҘለΌ✊ҘለΌ✊ҘለΌ✊ҘለΌ✊่݀ޑ่݀ޑ่݀ޑ่݀ޑ 

    ҁჴᡍࣴز 3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ (Ethyl3,5-dimethyl- 

1H-pyrrole-2-carboxylateǴEDPC)ӧྋనύޑԾ่ӝǴ٠௖૸ྋᏊჹԾ

่ӝޑቹៜǶ౛ፕीᆉ B3LYP/6-31+G**ޕ่݀ޑǴEDPC೭ϯӝނ

Ӣ໩ԄൂᡏᆶϸԄൂᡏӚԖΟᅿᛙۓᄬࠠǶӵკ B.3-B.6Ƕკ B.7ࣁ

౛ፕीᆉрᚈᡏᛙޑۓᄬࠠǶ 

 

 
 
 

კ B.3  җ౛ፕीᆉ B3LYP/6-31+G**่݀ޑǴԜࣁ 3,5-ΒҘ୷-1H-
㞓ࠗ-2-ҘለΌ✊໩ԄൂᡏᛙۓᄬࠠǶ 
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კ B.4  җ౛ፕीᆉ B3LYP/6-31+G**่݀ޑǴԜࣁ 3,5-ΒҘ୷-1H-
㞓ࠗ-2-ҘለΌ✊໩Ԅൂᡏᛙۓᄬࠠ(Ԗٿᅿ)Ƕ 

 
 
 

 
 

 

კ B.5   җ౛ፕीᆉ B3LYP/6-31+G**่݀ޑǴԜࣁ 3,5-ΒҘ୷-1H-
㞓ࠗ-2-ҘለΌ✊ϸԄൂᡏᛙۓᄬࠠ(Ԗٿᅿ)Ƕ 
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კ B.6   җ౛ፕीᆉ B3LYP/6-31+G**่݀ޑǴԜࣁ 3,5-ΒҘ୷-1H-
㞓ࠗ-2-ҘለΌ✊ϸԄൂᡏᛙۓᄬࠠǶ 

 

 

 

 
 

კ B.7  җ౛ፕीᆉ B3LYP/6-31+G**่݀ޑǴ3,5-ΒҘ୷-1H-㞓ࠗ-2-
ҘለΌ✊ޑᚈᡏࣁᕉރᚈᡏǶ 
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а౛ፕीᆉ MP2/6-311+G(2d,p)//B3LYP/6-31+G**ޑБݤीᆉΟ

ঁᄬࠠૈޑໆॶǴӆڗΟঁૈໆݢޑ૟ୗѳ֡྽բ౛ፕॶǶ߄ B.1ࣁ

ӧྋᏊచҹΠޑ໩ԄǵϸԄᄬࠠᙯඤ኱ྗ₲ O
1H∆ ϷԾҗૈ O

1G∆ ǵԾ

่ӝ኱ྗ₲ O
2H∆ Ծ่ӝԾҗૈک O

2G∆ Ƕ 

 
 
߄ B.1   ճҔ౛ፕीᆉ MP2/6-311+G(2d,p)//B3LYP/6-31+G**ޑБݤ

ीᆉр 3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ᄬࠠᙯඤ኱ྗ₲ǵᄬ

ࠠᙯඤԾҗૈǵԾ่ӝ኱ྗ₲کԾ่ӝԾҗૈǶ 
 

 
ᄬࠠᙯඤ኱ྗ₲ ᄬࠠᙯඤԾҗૈ 

ྋᏊ 1H∆ O / kJ mol-1酚 1G∆ O / kJ mol-1酚
਻࣬ 3.31 4.52 

ٌ҅₧ 5.07 6.28 
҅ѹ₧ 5.15 6.86 

Ҙ୷ᕉρ₧ 4.99 6.59 
ᕉρ₧ 4.99 6.55 
ѤෛΌ౎ 4.87 5.92 

 

酚  Ծ่ӝ኱ྗ₲  Ծ่ӝԾҗૈ 
ྋᏊ 2H∆ O / kJ mol-1酚 2G∆ O / kJ mol-1酚
਻࣬ -43.05  4.46  

ٌ҅₧ -27.19  18.88  
҅ѹ₧ -27.41  18.86  

Ҙ୷ᕉρ₧ -26.04  20.10  
ᕉρ₧ -26.05  20.05  
ѤෛΌ౎ -23.48  22.58  
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ճҔ౛ፕीᆉ MP2/6-311+G(2d,p)// PBE1PBE/6-31++G**ૈ؃ள

EDPCϸԄൂᡏǵ໩ԄൂᡏϷᚈᡏଽཱུຯǴӵ߄ B.2Ƕҗܭᚈᡏࢂឦ

 ᡏଽཱུຯǶൂܭଽཱུຯ཮λޑᚈᡏǴӢԜёႣයᚈᡏރᕉܭ

 
߄ B.2   ճҔ౛ፕीᆉ MP2/6-311+G(2d,p)//PBE1PBE/6-31++G**ޑ

Бݤीᆉр 3,5-ΒҘ୷-1H-㞓ࠗ-2-ҘለΌ✊ϸԄൂᡏǵ໩Ԅ

ൂᡏǵᚈᡏଽཱུຯǶ 
 

酚  ϸԄൂᡏଽཱུຯ ໩Ԅൂᡏଽཱུຯ ᚈᡏଽཱུຯ 
ྋᏊ 酚 µ/ debye µ/ debye酚  µ/ debye 
਻࣬ 1.41  3.80  --- 

ٌ҅₧ 1.72  4.09  0.005 
҅ѹ₧ 1.63  4.08  0.003 

Ҙ୷ᕉρ₧ 1.74  4.20  0.003 
ᕉρ₧ 1.65  4.13  0.003 
ѤෛΌ౎ 1.69  4.22  0.004 

 

ճҔ౛ፕीᆉ PBE1PBE//6-311++G**ૈ ीᆉр EDPCϸԄǵ໩

ԄൂᡏϷᚈᡏ N-H ୷՜ᕭਁ୏ᓎ౗Տ࿼Ǵӵ߄ B.3Ƕ 
 
߄ B.3   ճҔ౛ፕीᆉ PBE1PBE/6-311++G**ޑБݤीᆉр 3,5-ΒҘ

୷-1H-㞓ࠗ-2-ҘለΌ✊ϸԄǵ໩ԄൂᡏϷᚈᡏ N-H ୷՜ᕭ

ਁ୏ᓎ౗Տ࿼Ƕ 
 

౛ፕ೽ϩ ϸԄൂᡏ ໩Ԅൂᡏ ᚈᡏ 

ྋᏊ 
՜ᕭਁ୏ᓎ౗  

/ cm-1 
՜ᕭਁ୏ᓎ౗ 

/ cm-1 
՜ᕭਁ୏ᓎ౗ 

/ cm-1 
ٌ҅₧ 3487.4  3455.7  3325.2  
҅ѹ₧ 3485.5  3458.6  3326.2  

Ҙ୷ᕉρ₧ 3473.0  3449.0  3326.2  
ᕉρ₧ 3476.2  3453.1  3328.0  

ѤෛΌ౎ 3460.5  3438.5  3325.0  
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    ճҔ౛ፕीᆉ੝ૈ۔ۓ୷ޑ՜ᕭਁ୏ᓎ౗ਔǴ೯த೿཮ଯ՗֎ԏ

Տ࿼ǴӢԜѸ໪४аᓎ౗ਏ҅Ӣη (frequency scale factor)Ǵωࢂ੿҅

౛ፕளޑډॶǶךॺ௦Ҕ J. P. Merrick68 ౛ፕीᆉ PBE1PBEޑਠ҅Ӣ

η 0.9594Ƕ 

 

    ճҔ౛ፕीᆉ PBE1PBE/6-311++G**ૈ Ⴃෳр 3,5-ΒҘ୷-1H-㞓

ࠗ-2-ҘለΌ✊໩ԄǵϸԄൂᡏϷᚈᡏ N-H ୷ਁޑ୏֎ԏமࡋǶӵ߄

B.4Ƕ 

 

߄ B.4   ճҔ౛ፕीᆉ PBE1PBE/6-311++G**ޑБݤीᆉр 3,5-ΒҘ

୷-1H-㞓ࠗ-2-ҘለΌ✊໩ԄǵϸԄൂᡏϷᚈᡏ N-H ୷ޑம

 ࡋ
 

酚
໩Ԅൂᡏ酚 ϸԄൂᡏ酚 ᚈᡏ酚 ໩ԄǵϸԄൂᡏ酚

酚
N-H ୷மࡋ Cε 酚N-H ୷மࡋ tε 酚N-H ୷மࡋ dε 酚N-H ୷மࡋК tC/εε 酚

ྋᏊ酚 /(km/mol熵酚 /(km/mol熵酚 /(km/mol熵酚
酚

ٌ҅₧酚 154 142 2272 1.08 
҅ѹ₧酚 156 143 2198 1.09 

Ҙ୷ᕉρ₧酚 159 149 2276 1.07 
ᕉρ₧酚 163 151 2212 1.08 
ѤෛΌ౎酚 176 165 2161 1.07 
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B.3  ௵གࡋϩ݋௵གࡋϩ݋௵གࡋϩ݋௵གࡋϩ݋ 

    ᙖҗ౛ፕीᆉ PBE1PBE/6-311++G**ޑБݤǴёᆉр 3,5-ΒҘ୷

-1H-㞓ࠗ-2-ҘለΌ✊໩ԄǵϸԄൂᡏ NH ՜ᕭਁ୏மࡋК͍C
o/͍t

oǶ

җ A. Milani69฻ΓЎ᝘ύளޕճҔ PBE1PBE/6-311++G**ޑБݤ՗ᆉ

໩ԄǵϸԄൂᡏ NH ՜ᕭਁ୏மࡋК͍C
o/͍t

oεऊ཮Ԗ ᇤৡǶޑ15%

ஒமࡋКቚуǵ෧Ͽ 15%ǴଛӝӀ᛼ၗ਑ ACǵAt ؃ள໩ԄǵϸԄᄬ

ࠠᙯඤѳᑽதኧ K1Ƕ٠ஒ K1жΕԄ (2-33) ޑ CP ǵ CQ ϷԄ (2-36) ޑ

tQ Ǵё຾΋؁Ӧ؃ள Cε ǵ tεϷ K2Ƕ߄ B.5ϩձࣁ྽͍C
o/͍t

oமࡋКቚ

уǵ෧Ͽ 15%ਔ؃܌ளޑ K1ǵK2ॶǶ 
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