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1a    

(TLC)  
 

 
 0.30 g  1.0 g p –  2.7 g  100 mL 

p –
5%HCl 20 mL 2 5%NaOH 20 

mL 2  

 
 

20 mL
200mL

  N
 

 

Na2SO4

Na2SO4 10H2O
5

20 L
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p –  
p – 10%NaOH 30 mL

p – 30 mL 3
20 mL

200 mL
p –

p –
1b 100 

mL  
 

 
5% 10%HC 30 mL

40 mL 3 30 mL
2 200 mL

 
 

(TLC)  
(TLC) Rf

TLC TLC
 

 
 
TLC TLC  3 5 cm  20
20 cm .  5 0 cm 

1.0%, 0.5%  
 

  5  
 TLC 0.5 )  0.5 mL

 
  



fumi-theory.com                        - 3 -      © 2018fkj 
 

 TLC (5 10 cm) 10 mm
5

TLC
 3 mm

 
 
 
 
 
 
 
 
 

 TLC 1 cm 
Rf 2a,2b

 
 254 nm  UV TLC

Rf FeC 3, 
2,4-DNP, I2, Ninhydrin 2b,4b,4e  
 
TLC

Rf (rate of flow)  

 
  

( )
( )  
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1a.1   1)   40 mL D =
x y = 3  20 

mL 3
c [g/mL] 3c 

[g/mL] 20mL 20 3c [g] 40 
mL 40 c [g]  

3 2  
2)  60 mL  

 
 

1a.2   pH
 pKa = 3.0 pH=2.0 

ArCOOH ArCOO
Ka=[ArCOO ][H+] [ArCOOH]  
 

1a.3   p –  pKb = 9.0  pKb = 9.  
 

 
1a.4   p –  pKa .  

 
-------------------------------------------------------------------------------------------------------------------- 

10% & 5% HC 17 23.6 mL 36w/w%, d=1.18, 11.6M
100mL 10% 2 5 10% & 5% NaOH  

100 g, 50 g 1000 L  
TLC p-  CH2C 2  
TLC CH2C 2 .0 MeOH 0.5 AcOH  

   p –  
  200mL  200mL

 TLC ( ) TLC
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1b    

1c 

 
 
 
 
 
 
 
 
 

   
 
 

 
1a p-toluidine 2.7 g (25 mmol) 100mL
1M 25mL p-toluidine

 3.3 mL (35 mmol) 3.3 g (40 mmol) 30
 

 
 

3
10~15 mL

2 2
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 50 mL 10~15 mL
 

 50 mL

 
 

  
 

 

 
TLC  

1.5   
1c  

 
TLC  

TLC
Rf TLC

1a   
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3   

70
 

 2
mp.153 20 5

6 / 1 /

mp145 151
 

 1 1
 

 
 

p-aminophenol 3.6 g (25 mmol) 100mL 25mL
3.3 mL (35 mmol) 3.3 g (40 mmol)

TLC =4 1
 

 
1b.1  1) 1M

 
 

1b.2  sp2

  sp3 SN2
  

 
N-

N O
N O  
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O-
OH

OH   
EtOTs  O

  Br OTs
( SN2   

 
 
-------------------------------------------------------------------------------------------------------------------- 

 1.0 M HCl 86 mL 36w/w%, d=1.18, 11.6M 1000 mL  
TLC p- N- p-  CH2C 2  
TLC 2 1  

p-    (95)  
100mL  50 mL    

  TLC ( ) TLC
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1c    

-NHCOCH3

-NO2 C-H CH3

 
 
 
 
 
 

                      
 

10 mL  70% HNO3 , d=1.4 200 mL
 1.5 g 10 mmol N-acetyl-p-toluidine

5 20  
 

 
( 50 m ) 5

10

 
 

 
50 mL 5

10 mL 50 mL 

 
 

TLC  

mp 91 92
N-acetyl-p-toluidine HNO3
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1c.1   

 
 

1c.2   NHAc CH3

NHAc  CH3

 NHAc, OH, OR, OCOR  Et Pr
 

  
1c.3  NO2

NO2 , SO3H, COOR, CN, CONH2, 
CHO, COR  
 

1c.4   1b 1c
(

–NH2 -NH3+ )  

 
-------------------------------------------------------------------------------------------------------------------- 
TLC N- -p-  CH2C 2  
TLC  

 N-acetyl-p-toluidine  70% HNO3   
200 mL      

 100 mL   TLC ( ) TLC
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1d    

(benzoin)
(hydrobenzon)

TLC
 

  
 

1.0 g 4.7 mmol 200 mL 20 mL MeOH
180 mg 4.7 mmol

NaBH4 5 25 150 mL
2g NH4Cl

 
 

 
75 mL 2

50 mL 200 mL
1a N

 95 5 10 
mL

 
 

TLC  
1~2 mL p139

1R,2S 1R,2R 1S,2S
TLC 3%

Rf  
 10 mg

 0.5 mL CH2Cl2 TLC  
 EtOH ~10 mm 

EtOH
CH2C 2  
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 Rf 2 3mm
  

 
 

1d.1
 

 
 

1d.2  H

-OH NaBH4

-O-BH3

 
 
 
 
-------------------------------------------------------------------------------------------------------------------- 
TLC 1R,2R 1S,2S CH2C 2  
TLC  3%  

   NaBH4   
  (95)  

   200 mL   
TLC ( ) TLC  
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2a   TLC  

  
17

 
 

 
5 mL

( )  
 

 
 0.01 g  1 mL 

2  1 mL 
  

 
 

 0.1 g 3  2 mL
4  4 mL  3 mL 

  
 

 
~10 mg

5 mL 5  mL
6

7 1 mL
N-(1-

)-N’- 8 1 
mL  
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i)  ii) NO2

NO2  iii)
 

 

 
 

0.50 g 5 mL 
 1 mL 

100 mL   
   5 L 

(100) = 15 5 1 10 cm 
(  254 nm)

 
20 5 cm 10 mm 

20 mm 10 mm 2 6 mm 
 (5 L)   10 mm  10 cm 

 254 nm Rf  
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2a.1   
 

 
2a.2   

 
 

2a.3   4- 2-(4-
) 2-(4- )-2-

   
 

2a.4   
1~9 

O  
1) ( )  
2)   
3)  d, t, q, dt  
4)  
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-------------------------------------------------------------------------------------------------------------------- 

1    9 g 100 m  
(0.33 mol/L)  
2     

34.66 g 500 mL
 

  173 g
50g 500 mL  

3      5.7 mL 10 mL  100 mL 
10%  

4    4.3 g 100 mL 1 
mol/L  
5   23.6 m  100 m  (10 )  
6   10  100 m   
7        40 m   
8  N,N-- N'’ -1-  N,N-- N'’ -1-

 1  1000 m   
TLC (100) = 15 5 1  

 
(5 mL 1 100 mL 1) 1mL 1

50mL  TLC ( 20 5cm) TLC
(5 L)   
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2b    TLC  

TLC 1-
Rf  

TLC

pH  
 

 
 a) 1- 8 mL  2 mL  2 mL b)  

1- 8 mL  1 mL 1 mL 300 mL 
. 

A1a Gly (Trp Val
His Phe (Pro) 7 1 mg/mL

.  
 

) TLC  
 5cmx10cm 2cm

Rf 5cm
7cm 3mm

2  
Rf

a b
 

 
 

)  
100

 
Rf  
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Rf
Rf (rate of flow) G  

Rf =
s
g

G  

Rf
Rf .   

 

 
 

 
 

2b.1   6 Rf
 

 
 2b.2   Rf

 
 

2b.3   a b  
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-------------------------------------------------------------------------------------------------------------------- 
TLC A1a Gly (Trp Val
His Phe (Pro) 7 1 mg/mL  

1-  
TLC ( 5x10cm) 300mL

 
 

 



fumi-theory.com                        - 20 -      © 2018fkj 
 

2c    
Carotenoid, 

Chlorophyll  
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 (Spinacea oleraceal L ) 1 1 1.5g

100 L  
 30 L

 
 

 

 

 
 1cm 30cm

2- 25 1
100mL

 
  
 5g

15cm  
 
 

 
 L 

  
 ( ) a ( ) b ( )

( )  
 a b  
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2c.1   1) 3) 
 

 

3 ( )  
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( )50 g 100 m
80% ( V0) ( )

( k’)
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50 g 100 g 2 50 g

VR W  

 
 

N n

ni
V

N
i

i
i N iN  

n

nR VVVV
N  

 

 nnn xxxaaaxaxaxa  

i

i
iii
Vxa  

n
n

n

n

nR NNN
VVVVVVVN  

N
n

i
iN   
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1)  oracet red G N 2
 

 
 
        N=      
  
2)  (methyl yellow) oracet red G 2

 
 
 

 Rs=  
 
3)  25 g (methyl yellow) oracet 
red G 2  
 
 

   Rs    
 
 
 
-------------------------------------------------------------------------------------------------------------------- 

2
 
 1 cm 30cm  100 L  
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2     

17
max A  

 
A k c  =A c 

   =1 cm c  w/v%  k 
 w/v% 

 I   

c
AE cm  

c  mol/L  k 
 

c
A   

A 
 

 
 

 
200000 254 nm

17
 

200000 0.01 g
100 mL 100 mL mL 

20 mL 20 mL 
 

 
 

200000  
 

 
0.02  2 L 100 

mL 3 mL 100 mL
244 nm 
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No.  (u) (mg)   

1  254.28    

2  182.22    

3  151.16    

 
No.1  
 

  
 

  
 

 
3  0.02 g  2 mL  100 mL 

1 2 3 4  5 mL ( )  50 mL 
 50 mL 244 nm  

( g/mL)
 

 

 
 
 

2 .1   max  
 
 
-------------------------------------------------------------------------------------------------------------------- 

  
 100mL 4 20m 2 50mL 5  mL 2 3 

mL  5 mL   
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2e    

 

 
 

 
0.1 mol/L 17 2.0 g
480 mL 500 mL

15
500 L  

 
 

( 48
0.15 g 25 mL

) 2
3

 
0.1 mol/L 1 mL = 9 709 mg HOSO2NH2 

 
 f 

 
 

f = 1000 m/VMn 
 

M  0.1 mol/L NaOH NaOH
 1mol (g) 

m  (g) 
V  (mL) 
n  0.1  
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s 100s / (%)
A C  
 

s

 
No.1  
 

s   
 

100s / (%)   
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 0.5 g 3 25 mL 

0.1 mol/L  
 

 
0.1 mol/L   mL  13.812 mg C7H6O3 

 
(%) (%) s (%) 100s 

/ (%)  
 

s

 
0.1M    f  
 
No.1  
 

(mg)  
 

(%)  
 

s (%)   
 

100s / (%)   
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2e.1   17 99.5  
 

 
2e.2   pH

  
pKa1, pKa2 2.98, 13.6  

 
 
-------------------------------------------------------------------------------------------------------------------- 

1
0.25 mol/L 17  

2 0.1 g (95)
(1:1) 100 mL  
3    (95) 100 mL 2

3 0.1 mol/L  
 

4)   1 g (95) 100 m
   

(95)  
(100 mL) (100 mL) (100 mL

& 500 mL)  
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2f    

 
  

 
0.2 200 mL   (1

50) 50 mL 1 mL 0.05 mol/L 
 

 
0.05 mol / L  1mL  =  8.806 mg  
 

 

 
1mol 1mol

(%) (%)
s (%) 100s / (%) 

 
 

s

 

0.05 M    f  
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No.1  
 

(mg)  
 

(%)  
 

s (%)   
 

100s / (%)    
 

17

 
 

 
 
 

2f.1   17 99.0
 

 
2f.2   17 98

 
1.5 g 1000 mL 25 mL

0.05 mol/L 30 mL 30
 

0.05 mol/L  1 mL 1.569 mg  
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KI I<Br<Cl<F
Br2 I I2  

 
 

I2 0.10 mol/L Na2S2O3

 

 
1.500 g 0.10 mol/L

6.5 mL 0.05 mol/L
30 6.5=23.5 mL   

 
-------------------------------------------------------------------------------------------------------------------- 

1
 

2 1g 10mL 200mL

 
(0.05 mol/L)  

200 mL 100 L
2mL  5 mL  
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3a    

pH  
 

pH

pH pH
pH
. 

 

HA  

HA H2O H3O+ A  

Ka [H3O+   [H+]  

aK     1  

 aK  

 apKpH    (2) 

 pKa pH A / HA

A /[HA] pH  

 

Na+

   pH 2  pH
 pKa pKa .
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0.1 mol/L 20mL 300 

mL 200mL

 

pH pH

0.1 mol/L 2

0.1 mol/L

pH pH
 

0.1 mo1/L 0.5mL pH
pH

0.1 mL 10 2   
 mL pH

0.1 mL
 

 X pH Y

. 
 

X X
NaOH

end point: EP
EP 1/2EP

pH
pKa

 
  

 

pH  

 



fumi-theory.com                        - 37 -      © 2018fkj 
 

( pH/ V ) V mL
 

 
 

 

 

 

3c   

1) 

 

 

 

3a.1   Ka Ka=1.75 10-5 1)  0.0,   22)  0.5EP,   

3)  1.0EP [mL] pH M  pH
 

 

Cacid Csalt [HA] Cacid [A ] Csalt 2
 

  pH pKa + log
a

s

C
C

      Henderson-Hasselbalch   

pH
pH  

 
-------------------------------------------------------------------------------------------------------------------- 

0.1 mol/L  0.1 mo1/L  

50 mL   10mL  

300 mL  pH   
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3b    

  
 

NH2 COOH

-

zwitterion  

 

 

 

 

- (1) Ka1  

 

 OH CH(R)COOHNH 23 OH  CH(R)COONH 33     (1) 

 CH(R)COOHN[H
OH ]CH(R)COON[H

3

33
aK      (2) 

3 Ka   

     (3) 

 
CH(R)COON[H

OH ]NCH(R)COO[H
3

3
aK      (4) 

2 4  

apKpH     (5) 

apKpH     (6) 

(5) [H3N+CH R COO ]/ [H3N+CH R COOH] 1 0

pH pKa1 (6) [H3N+CH R COO ]/ [H2NCH R COO ] 1

0 pH pKa2 H+ OH

pH buffer solution  
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2 pKa 2 pH
(5)(6) Henderson-Hasselbalch pH=pKa log(Csalt/Cacid) 

pH
pH  

 
pH pKa

pH pH pKa

1  
 

pKa (25 )  
-------------------------------------------------------------------------------------- 

  pKa1=2.35    pKa2=7.20  

  pKa1=2.15  HEPES  pKa =7.62  

  pKa1=2.95   (Tris)  pKa =8.06  

  pKa1=3.13    pKa =9.23  

  pKa =4.04    pKa2=9.78  

  pKa1=4.21    pKa2=10.33  

  pKa2=4.76    pKa3=12.33  

  pKa =4.76  

  pKa2=5.41  

  pKa2=5.64  

  pKa1=6.35  

  pKa3=6.40  
-------------------------------------------------------------------------------------- 
HEPES: N-2-hydroxyethylpiperazine-N'-2-ethanesufonic acid  
Tris: tris(hydroxymethyl)aminomethane, pKa  
 

pH
pH +H3N CH(R) COOH pH

H2N CH(R) COO
pH iso-eledric point pI

[+H3N CH(R) COOH] = [H2N CH(R) COO ] (2)(4)  

pI aa pKpK      (7) 

pH  6 pI (+H3N
CH(R) COO )

0  
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pKa1 7  pKa2

pH pI
 

COOH pKa1 1.9 COOH
pKa2 3.7 NH3+ pKa3 9.6 NH3+

pH  pI
1/2(pKa1+pKa2)=2.8  

 
 

 
pH  

50mL 1.00mo1/L 
NaOH  

0.100 mol/L
H3N+CH2COO- 100mL 50mL

200mL

pH
 

 pH
1.00 mo1/L NaOH 

1.00mL 0.20mL
0.50mL 20 mL 
 1.00 mo1/L NaOH

pH 1/10 2
pH 2  
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 1.00 mol/L NaOH 2

1.00mo1/L HC1 1.00mo1/L HC1
 

 0.100 mol/L 100mL 50mL
200mL pH 1.00 mo1/L HC1 

1.00mL 0.20mL 0.50mL 20mL
1.00 mo1/L HC1 pH 1/10

2 pH 2  
 

 
 0 NaOH mL HC1

mL pH
pH

pKa1 pKa2 pI  
 
 

3b.1   pKa1 2.35 pKa 4.76 pKa 
(1.46) pKa (3.6)  
 

3b.2   pKa1 pKa2 pI
 

 
3b.3   

( ) (1)(2)(3)
 

 
3b.4   

COOH pKa 1.9 NH3+

pKa 9.6 COOH pKa 3.7
pI 2.8 pH 1 3

7 12  
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-------------------------------------------------------------------------------------------------------------------- 
1) 0.100 mol/L H2NCH2COOH:MW.75.07 1.8768 g 

 
250 mL 

 
1.0 mo1/L NaOH 1.0 mo1/L HC1  

50mL 50mL
pH 200mL  
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3c    

.  
 

 

AA  AA  

AAAA CCCC

 

 K
CC

CC  

(law of mass action) K (equilibrium 
constant)  
 

 a mol   b mol   c mol x
mol V [L] 

 

 OHHCCOOHCH OHHCOOCCH  

 Vx Vxab Vxa Vxac  

  

 
xabx
xacxaK  

 
 

 
(99%)  3.0 M 1) 

 
 

 
 1  

    

    
#1 5 mL   1 mL 1 mL 
#2 5 mL   2 mL 1 mL 
#3 5 mL   5 mL 1 mL 

 1.049 0.789 1.05 
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#1~#3  

1.0 M
 

 300 L  
 100 mL  
  3 1.0 M  
   3.0 M HCl   L  

 
 

 T  RT lnK  
 RT lnK T   

RRT
K

 
1 25  

H  
R C  

C
RT
HK van't Hoff 

 
 
 

3c.1   3c  
 

3c.2   (
)  
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3c.3    AcOH+EtOH AcOEt+H2O 
f 1) 7)

1 25  
 

    
  kJ mol-1 J K-1 mol-1 

H2O Liq. -285.83 69.91 
EtOH Liq. -277.0 160.1 
AcOH Liq. -485.6 157.2 
AcOEt Liq. -479.3 259.4 

 
 
1)   
2)   
3)  . 

  
4)   
5)   

 T   
6)  G  

G  RT lnK  
7)   

 RT lnK  
 
 
-------------------------------------------------------------------------------------------------------------------- 

1)  3 mol/L 270 mL 1000 mL  
2)   (95) 100m   

  99  1.0M  
   300 mL   
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3d    

 
 

A B [A], [B C D [C ], 

[D ] A B  C D  
dt
Dd

dt
Cd

dt
Bd

dt
Adv

BAkv  

 
k A

B a , b t xa , xb
 

 

daxbxak
dt
dx

xbxak
dt
dxda

xbxak
dt
xad

BAk
dt
Adv

 

 

dtk
xbxa

dx

 

 

dtkdx
xbxaab  

 

dtk
xb

dx
xa

dx
ab

dtkdx
xbxaab

 

  [s] t  [s] 
A a  [mol L-1] xa  [mol L-1] 
B  b  [mol L-1] xb  [mol L-1] 
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Ctkxbxa
ab  

C ( t x )
 

b
a

ba
CCba

ab
 

b
a

ba
tkxbxa

ab  
tk

xba
xab

ba  
A B t =  A

a aab  b  

tk
xaaa
xaaa

a  

 
 
 
 
 
 
 
 
 
 
 
 

k 1   
t  

 

  t  

A a   xa  a  

B aab  xaa   

C  x  aab  

D  x  aab  
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1/T

k

A

 
 
 

Arrhenius  
  

RT
Ea

Aek A
RT
E

k a

  
  

Ea   
A    

exp(-Ea/RT) (E Ea )   
 

(
) 2

tan R = 8.314 J K-1 mol-1 Ea

y A  
Ea
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: CH3COOC2H5+NaOH CH3COONa+C2H5OH

[OH ]

 
500 mL 200mL

1.20 mL (d=0.90, MW=88.11) 0.1 M
200 mL 2

 
0 , 10 , 20 , 30  2 3

 200 mL 0.1 M 25.0 mL
6  

20

3 25.0mL

t 0 0.1M
t 0 axa ( t 0 x )

1 0 , 10 , 20 5
30 3 25.0mL
xa 5 70

45  

a  
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kt ’ kt t 
kt k k 

 M( mol/L) sec ( ) 
1  

k
T (1/T ) k

(llnk) Ea
A 2  

 
 

 

OHAcOEtBABAk
dt
Adv 3

 OHAcOEtBABAHk
dt
Adv  

H+ H2O k[H+][H2O]=k' 1
1

k' 
( 3c)  

 
3d.1   A B

1 k' ( =k[H+][H2O] ) 
1   
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kf, kb, Af, Ab, 
= T  

kf, kb  

RT
Ea

bb
RT
Ea

ff eAkeAk   

1 25
H  

C
RT
HKe

A
A

eA

eA
k
k

K RT
T

b

f

RT
Ea

b

RT
Ea

f

b

f
  

 
 

3d.2    
N2+3H2  2NH3 400 Kp=1.64 10-4 atm-2, 500

Kp=0.144 10-4 atm-2 NH3 1
400 , 500 Kp

H NH3 2  
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Ea

exp(-Ea/RT) (E Ea ) Ea

H exp(-Ea/RT)  
T1, T2 p1, p2  

TTR
H

p
p

e

e

e
p
p TTR

H

RT
H

RT
H

  

 
 

3d.3    
1) ( 8848 )

40.0 kPa H=44.0 
kJmol -1, R=8.314 JK -1mol -1 H, R, p1 = 101.3 kPa, p2 

= 40.0 kPa, T1 = 373 K, T2  
2) 70.0 
kJmol -1 p1 = 101.3 kPa  

 Ea, R, T1, T2  
3) 3

   
 
 

' lnp = ( H / RT )+C T1 

= 373 K , p1 =1 atm, T2 ,p2 T , p
lnp = ( H / RT )+C  

 
 
-------------------------------------------------------------------------------------------------------------------- 

g (95) 100m  
0.1M  0.1M   

(500 mL 2)  (200 mL 6)    (25 
mL) 0.1  
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4a   

17

 
 

 
0.5 g 50 mL 20 mL

5   
95 10 mL 3 mL ( ) 1) 1 2

 
 

 
0.5 g 10 mL 10

2 3 2) 1 mL 3) 1 2
 

 
 

48 0.1  g
10 mm

4) 1  
 

 
1.0 g 20 mL 5

100 mL   
5) 3 mL 2

   
(1 1 6) 

 
(2  0 2 mL 5) 0 8 mL 4

7) 2 mL
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0.5 10 L 2   

5 L 8) 0.1 1)  mL
 

 
 

4a.1   1)~5) 6
( 17 )  

 
--------------------------------------------------------------------------------------------------------------------- 

1) ( ) 2 mL 100 mL
( ) 9 g 100 mL (0.33 

mol/L)  
2)  HCl  [K 8180, ] (35~37%)  
3)   (30) 1  9 (3 )

(30)  H2O2 [K 8230, 30.0~35.5%]  
4)    6.5 g 100 mL ( 1 mol/L)

 
5) (100) 6 g 100mL (1 mol/L)  
6) TTLC (1 g) (2 mL)

(3 g) (3 mL) , 70% (45 mL) ( )
BiI4             
7) 4 4 10 g 

90 mL 10 mL   
8)   

 
(50mL)      
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4b   TLC  

17 TLC TLC

 
0 5cm 10mm  

20mm 10mm 2 6mm 5 L
10mm 10cm

Rf  
4b  
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glycyrrhizinic acid  
2 g 95 7 3 10 mL 5

   
2 L 1

100 7 2 1 10 cm
254 nm

1 Rf  
 

2,4-DNPH cinnamaldehyde  
2.0 g 10 mL 3

10
L   (2 1) 

10 cm 254 nm
Rf 0.4 2,4-

1)  
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6-gingerol  
2 g 5 mL 10

 [6]
10 L

 (1 1) 10 cm
 4

2) 105 ( ) 5
1

Rf  
 

BQC naringin  
1.0 g (95) 10 mL 30

 

10 L (99.5)  8
2 1 10 cm  2 6

N 1 4 3) 
1

Rf  
 

ephedrine  
0.5 g 10 mL 2

10 L 1 (100) 7
2 1 10 cm

95 (1 50)4) 105 ( ) 5
Rf 0.35   

 
atropine/hyoscyamine scopolamine  

2.0 g 5) 30 mL 5
40 mL

  100 mL 3 g
  100 mL

95 1 mL
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1 2  5
L (28) 90 7 3

10 cm 80 ( ) 10
6) 2

Rf   
 
 

4b.1    1  
 

 
 
--------------------------------------------------------------------------------------------------------------------- 

 1)  2,4-  2,4-  
5 g 85   60 mL 95   39.5 mL

( )   
2) 4- 4-
1.0 g  20 mL  5.7 mL  10 mL 

100 mL  (10%)  
3) 2,6- -N- -1,4- 2,6- -N-
-1,4- 0.2 g  100 mL  
4) 95 (1 50)   
5) (28) 400 mL  1000 mL  (10%) 
6) TLC (1 g) (2 mL)

(3 g) (3 mL) , 70% (45 mL) ( )
BiI4  

5 mg 95
7 3 1 mL  

6-  [6]- 1 mg
2 mL   

 10 mg
(95) 10 mL   

2 mg (95) 1 mL  
1 mg (95) 1 mL

 
TLC  1 100  (7 2 1)  

 (2 1) (1 1)  
(99.5)  (8 2 1)  

28  (90 7 3  
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(95)
 
50 ml (5 L) TLC

TLC  
 

 



fumi-theory.com                        - 61 -      © 2018fkj 
 

4c    

500 mL 3

 
  

)  

 
 

)  

  
  

 600 40
 

 
( g)   
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4c.1   

 
 

--------------------------------------------------------------------------------------------------------------------- 
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4d    
pKa

 
 

 
( ) 0.5g 100mL 20mL

30
100 

mL 50mL
0.5mL  

  
 

100 mL  11) 0.2mol/L 10mL
10

0.2mol/L NaH2PO4 30mL 100mL
10 L 2

10 mL 1
100 mL

50mL
0.5mL  
 

 

 
 (TLC) 
5 20 cm

5 L : 20:1
  20 mm  10 mm  

10 cm   
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4d.1    
 

4d.2   Rf
 

 
4d.3   NaOH

NaH2PO4

NaOH
0.2 mol/L NaH2PO4 30 mL NaH2PO4 Na2HPO4

pH 6.5  pKa1 8.4  pKa 
 4.8  

 
--------------------------------------------------------------------------------------------------------------------- 

0.2mol/L 0.2mol/L  
 ( )       
 100 mL, 5 0mL

TLC 5 L 5 10cm  
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4e    

65.5 28.3 5.2
   

5b
( M 60 g)

250 mg  

500 mg

D

180 230 mg/100 mL 
500 mg  

 
 

200 mL
(2 1)70 mL 5

. 
 300 mL

(2 1)30 mL 
 

 10mL (100 mL)
30 mL

.
4f

 
 300 mL

10 KOH 15 mL
30 2 3mL

.  
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 50mL

100 mL

2

2   
10mL

3   
 

100 mL

100 mL
 

   
 

. 
 

 
20 mg  

148.5  
 

 
 

0.5 mL 4 cm x 10 cm
1.5 cm , 0.7 cm

3 mm (AA)
B) 2 (  

(200 mL  9 1 v/v  0.5~1.0 cm
  

cm
.  

80:20:2 v/v/v  (  
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1:1 v/v

Rf .   

 
         2  3 

 
 

4e.1   10 KOH
 

 
-------------------------------------------------------------------------------------------------------------------- 

10 5mL
15%KOH 10 mL  
TLC 9 1v/v 80:20:2 v/v/v  
TLC  
TLC 1:1 v/v  

    
  

100 mL 200 mL
100 mL 100 mL 100 mL
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4f    

( 4e)

73.0 5.8
15.0 2.1

0.6 2.5
0.9   

C-1 OH 12 20 C-2 OH
, C-3 OH

OH  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

20 26  
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C-1 OH

 
 
 

  
 100mL

1 1 50 mL 10 100 
mL  

 35
2 mL 100 mL 

50 mL 1 mL
 

 35 mL 50 mL 5
5000 5

 
 

  

0.5mL PC
PE SPM TLC
4 cm x 10 cm 1.5 cm

1 cm 3 mm   
300 mL 65:25:4

. 1cm
 

. 
Rf

Rf ( )  
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A  
B (PC) 
C: (PE) 
D: (SPM) 
LPC:  
X  
 
 

     
  
  
 

4f.1   (LPC) PC, PE, SPM, LPC
Rf   

 
                                                                                  
TLC  65:25:4  
TLC PC PE

SPM  
TLC  

      
Merck kieselge1 60F254, 5 10 cm  100 mL  

200 mL  300 mL 100 mL    
 50 mL   
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5a    

A
c

280 nm 
 Bradford

BCA Lowry
 

Bradford BCA BSA

  
 

 I0  I A log10(I0 I ) 

I k
c

100 ~ 1000 g/mL  

= ck
I
I

A
  

   Lambert-Beer  

 
  
BSA 1mg/ L 1 2 4 8 16 32 64

6 1mL BSA
1mg/ L  1mL 1 1mL

2 1mL 3
64  

 
)  

10 L
mL 200

2 4 8
BSA  
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) BBradford  
300 L

Bradford  3 L 5
30 595nm BSA BSA

 

 

 
 BCA  

300 L
BCA A 50mL  B 1mL 3 L

( ) 562nm
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5a.1   Bradford BCA

 
 
 
--------------------------------------------------------------------------------------------------------------------- 

 1) BSA 1mg/ L  
2 Bradford   CBB G-250 200 100 L 95
EtOH 85 200 L L

Bradford
 

3 BCA A B    BBCA A  10 Na2CO3 20
 1.6 NaOH 4 NaHCO3 9.5 H2O 1000 L

BCA B  CuSO4 5H2O 4 H2O 100 L
 

BSA    CBBG-250  
 85   Na2CO3   NaOH

NaHCO3  CuSO4 5H2O 
1mL,3mL,    
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5b    

pH

p-

NaOH p-
400 nm [S]

 

 
 

- (E) (S)
ES) (P)

(10 msec  - (ES)  
(E) (S) k+1, - (ES)

k-1, - (ES) (P) k+2

dtESd  

mKSEES
ESkkSEk

 

kkkK m    

 
v  

SK
SV

KS
KSV

ESE
ESEkESkv

mm

m  

ESEE

EkV  

 

v

S

Vmax

Vmax

k+1 k+2

k-1
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SK
SVv

m

 

- Michaelis-Menten [S] = 
Km v = 1/2Vmax [S] = 1/3Km v =1/4Vmax [S] = 3Km v = 
3/4Vmax Km  

Km Km

Km  
 

 
Km Vmax -

1/v 1/[S ]
 

VSV
K

v
m  

(double reciprocal plot)
Lineweaver-Burk plot)

1/Km 1/Vmax

Km Vmax  
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 ( mL)  

      
 1.5 1.4 1.3 1.1 0.7 

0.2 M NaOH  0.5 0.5 0.5 0.5 0.5 
1 mM p-   0.0 0.1 0.2 0.4 0.8 
65 mM NaOH  3.0 3.0 3.0 3.0 3.0 

 
 400 nm  

 
 p- ( mo1),  

 
 

Km Vmax  
 mL   

       
 1.4 1.2 1.0 1.3 1.2 1.0 

0.2 M NaOH  0.5 0.5 0.5 0.5 0.5 0.5 
1mM p-   0.2 0.4    
10 mM p-     0.  0.2 0.  

 
 0.1mL 37 10

 
 0.1 0.1 0.1 0.1 0.1 0.1 

(mM)       
 

3 mL 65 mM NaOH  
65 mM NaOH 3.0 3.0 3.0 3.0 3.0 3.0 

 
 p-
Km Vmax  
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kkKiKiIEEI
kkkKmKmSEES

EIkIEkESkkSEk
dtEIddtESd

KiIKmS
KmSV

EIESE
ESEkESkv  

EIESEE EkV  

 
Km, Vmax, Ki  

KmS
KiI

V

KmS
KiIKmS

V
KiIKmS

KmSVv
 

 
ESIIEIIISESSS

 

SKiV
)IKm(Ki

Vv
plotBurkLineweaver

v
,

S
yx  

[I ]0 0 Km, Vmax [I ]0 0
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SKi
I

V
Km

S
KmS

Vv
plotDixon

v
Iyx  

[S ]0 Ki  
 
 

5b.1   
 

 
--------------------------------------------------------------------------------------------------------------------- 

0.2M NaOH (pH 10.0)   50 mL A 32 mL B
100 mL   

A: 0.4 M , 7.51 g 250 mL  (Gly 75.07  
B: 0.4 M NaOH, 4.00 g 250 mL  (NaOH 40.00  

1 mM p- 139 mg 1000 mL (pNP =139.11) 
10 mM p-  371 mg p-
(=371.14) 100 mL   
1 mM p-  10 mM 10  

0.1M NaCl 2mM MgC12 1mM ZnCl2

0.01 mg/mL  (NaCl = 58.44, MgC12 = 95.21, ZnCl2 = 136.30)  
p-  p-

 (SIGMA,P-7640, ) NaCl NaOH  
MgCl2 ZnCl2  
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5c   GOD / POD  

AST/ALT

C -  
 

 
  3 i iii

i) ii) 
iii) 4-

 ii  iii
C -

i iii  
 
  i)   

 
 

 ii)   

 
 
iii)  4-  
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 500mg/dL 0 0.1 0.2 0.3 0.4 0.5

0.5  
 20  
 3.0  
 37  
 505nm mg/dL

 
 
 

5c.1   
 

5c.2  . 
  

5c.3  . 
 

 
--------------------------------------------------------------------------------------------------------------------- 

 C -  
C -

4
(pH 7.1) 

 3mL
( )   
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5d   AST ALT  

AST ALT
AST,ALT C - AST

ALT   
AST ALT GOT GPT

 
AST : aspartate aminotransferase   GOT : glutamic-oxaloacetic transaminase 
ALT : alanine aminotransferase   GPT : glutamic-pyruvic transaminase 
 
AST, ALT   

C - Karmen( )
Karmen 0.482 IU/L, 25   

AST : 
13~33 IU/L  

ALT : 8~42; 6~27 IU/L 
 
AST, ALT - -

-
-

 
AST ALT

TCA
-  

 

 
TCA
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-

AST  
 

 
 
 
AST,ALT 5c

C -
 

 
  i)   

 
 
ii)   
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iii)  4-  

 
 

AST ALT  
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5d.1   AST(GOT) ALT(GPT)
 

 
5d.2   

 
 
 
--------------------------------------------------------------------------------------------------------------------- 

 C -  
C -  

AST AST  
ALT ALT  
AST (POP) (OAC) 4-

 pH 7.0 L-
. 

ALT (POP) 4-
 pH 7.0 L- . 

(HEPES)  pH 7.0 - N-
-N-(2- -3- )-m- (TOOS). 
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A.   

 

.

 
 

 
 

 
 

 

2

 
 
 

2 
X 2 2  E [ (X E [X ])2]  2 X E(X)

 E [X ] X E [X ]=
X1, X2, X3, XN  

 

2
N

XXXX
N

X
N

N

i
i

 
 

 
 

2 2  

2   E [s2 ]= 2 

s2 2 n nxxx 2

2 E [ ]=   
 

 

s2
n

xxxxxxxx
n

xx
n

n

n

i
i
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RSD, relative standard deviation) 

v, CV, coefficient of variation)  
 

RSD
x
s

   
  

 
 

(SE, SEM, standard error of the mean)  
N n  

n 1/2  
 

SEM
nn

xx

n
s i

  
 

 
 
 

 

N 68.3  
95.5 99.7
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B t  
t

 
 

20 10 2

1 mm3 100
 

 
2

95  

1 2 95
 

1= 2

5%
 

 
 

 
Yi ( 2, 22) 22

s22 t 
 n-1  t t (n- 1)  

s
Yn

n
s

Y
t   

1  

nsntYnsntYnt
s
Yn

nt  

t   TINV(0.05,9)=2.26  
95%  8.10  2  8.36 95 8.10  

8.36   

    
X 1 7.97 Y 1 8.08 
X 2 7.66 Y 2 8.27 
X 3 7.59 Y 3 8.45 
X 4 8.44 Y 4 8.05 
X 5 8.05 Y 5 8.51 
X 6 8.08 Y 6 8.14 
X 7 8.35 Y 7 8.09 
X 8 7.77 Y 8 8.15 
X 9 7.98 Y 9 8.16 
X10 8.15 Y10 8.42 
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( 1 2, (1/m-1/n) 2 2 12 = 22 

= 2 2 s2  
 
 
 

t  (m+n-2) t  
 
                           
 

1  

nm
snmtYX

nm
snmtYX

nmt

nm
s

YX
nmt

 

t   TINV(0.05,18)=2.10  
95%  0.44  1 2  0.01  

 
 

 
1= 2 t t = 2.23  

18 5%  t 1.73 = TINV(0.1,18)  
1= 2 5%  

1= 2 5%  
1 2 95% 95  1 2  

 
 0.0195

TDIST(+2.23,18,1)  TTEST(C10:C19,E10:E19,1,2)  
 

nm
snsm

nm

YYXX

s

m

i

n

j
ji

nm
s

YX
t
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C.  

8
8

 
 

0.1mg 0.1mL
0.01m 25.14mL

0.5 X 25.135 X 25.145 .
1/10 25.1mL 0.05mL

25.1mL 25.10 mL 
 

 
300 mL 3

 
 
 

 
 
 
 
 
 

 
 
 

3×102 mL or 3×10-1 L (1) 63.0   (3) 
3.0×102 mL or 3.0×10-1 L (2) 0.27650   (5) 
3.00×102 mL or 3.00×10-1 L  (3) 3 103   (1) 

  (4) 1.0003   (5) 
0.004        (1) 9.00 104  (3) 
1.704               (4) 0.0056   (2) 
3.25               (3) 45.67   (4) 
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D. SI  
cc, m , cm3 nm   Torr

mmHg  atm Pa 1 mol dm-3 1 M
M SI  

SI   JIS K 0102-1993   
mol/L . N

 
 

: kmo1, mo1, mmol, mo1 
: m3, dm3, cm3    kL L mL  

:  moldm-3, molm-3   mol -1  
: kg dm-3, kg m-3, gcm-3   kgL-1 g mL-1 g L-1  
: K,  
: ks s ms s ns   d h min  
: Mg, kg, g, mg, g   t  
: km, m, dm, cm, mm, m, nm, pm 
: Pa 
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E.  

JIS
 

 
(lnternal ln to Contain  TC

)

50mL 1000 mL 
0.2 0.06  

 
 Extema1 EX

to Deliver  
10mL 50mL 0.2

0.1 2mL 10mL 1 0.4
 

 
 10mL 100 mL 2 0.5

0.3
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F.  
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G.  
5mm . 

A  
S

2 3cm  
E  

E  
E
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H.  

 
 

 2 3
 

. 
0.00 mL 2 3cm .  

 
0.00 mL  

 

. 
1/10  
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I.  
200 nm 800 nm 

200 nm(2×10-7 m) 400 nm(4×10-7m)
400 nm(4×10-7 m) 800 nm 8×10-7m

max  
max

n 
 

NH2 

,
   

I  

(transmittance) = 
I
IT   = T  = T

 
 

 TTTA  

(absorbance) = T
I
IA  

ck
I
I

A
  

 
c
Ak    

(c= 1 w/v% cm k ) cmEk  

c1  [w/v%],  [cm]  

c
AEk cm  [(w/v%)-1 cm-1]   

(c=1 mol/L cm  k ) k  

c  [mol/L],  [cm]  

c
Ak

 
 [mol-1 L cm-1]   
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J. Amersham ultrospec 1100pro  
 

,  
 

OK “F2”  
 

Absorbance  
 

Menu “F2” “ ” 
Absorbance “5” Wavescan  

Absorbance 1 
Transmission 2 
Concentration 3 
Time Intervals 4 
Wavescan 5 

 
 

. 1 Absorbance   
Menu “ ” Absorbance  

 
“  560 ”  

 
“ ”  

 
 

“ ”  
 

“ ” 
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. 5 Wavescan  
Menu “5” Wavescan  

 
“200 ”  

 
“800 ”  

 
“ ”  200 400 nm  

  
 

“ ”  
 

 “ ”  
 ““ 1”  ““ 3”  

“ 2”  
“ ”  
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K. SHIMADZU UVmini-1240pro  
 

,  
 

1 5  
.  
.  
.  
.  
.  

 
 

 
 ““ ”  

 
“GOTO WL” “ENTER”  

 
ABS T% ABS  

 
“ 3”  

 
 ““AUTO ZERO”  

 
 ““START/STOP” ABS  

 
“PRINT”   

“ ” 
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.   
 ““2”  

 
“1” “ENTER”  

 
“2” 900 nm, 300 nm

 ““900, ENTER, 300, ENTER” 
 

“3” 0.00A~1.00A “0.01, ENTER, 1.00, ENTER” 
 

“4” “ENTER”  
 

“5” “1, ENTER” 
 

“6” “ENTER”  
 

 ““ 1”  
 

 ““START/STOP”  
 

 ““PRINT”  
1.0 ABS 0.0; 600 nm 400 nm

 ““ 1”  ““1.0 ENTER”  ““0.0 ENTER” “600 ENTER” “400 
ENTER”  

“ 2”  
“ ” “ ”  
“ ” 
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L. pH  
 

10 15 . 
pH pH pH . 

. 
KC1 .KC1

 

.KC1 . 
pH  

pH6.86 25
pH ZEROADJ. 6.86

. 
 

pH4.01 25 pH
SENS ADJ. 4.01 . 

pH pH
. 

. 
 

 

. 

pH . 
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M. pH  
Ca [mol/L] Cb [mol/L]

 5 [H+], [OH ], [AcOH], [AcO ], [Na+]
~ [H+]  

AcOH H2O  AcO H3O+  
NaOH   Na+  OH  

 
 [H+] [OH ] = 1.00 10 14      

 aK
[AcOH]

]][AcOH
1.75 10 5     

 [Na+] + [H+] = [AcO ] + [OH ]     
 Cb = [Na+]       

Ca =[ AcOH] + [AcO ]      
 

 [AcO ] =Cb + ([H+] [OH ])     
 [ AcOH] = Ca  [AcO ] =(Ca Cb ) ([H+] [OH ])   

 a+
ba

 b K
])[OH]([HC(C
])[OH]([H C]H

     

])[OH][HCCK])[OH][H ](CH +
baa b  

 [H+]3+ (Cb +Ka ) [H+]2 (KaCb KaCa Kw) [H+] Ka Kw =0  
 

3  [H+] 0.01 
mol/L 200 L 0.1 mo1/L 0.1mL

 [H+] pH
3a 0.1 mo1/L 19.9mL

H = 7.056 20.0mL H = 8.358 H H = 
8.358-7.056 = 1.303   
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pH 3
EQ3D © 2009 A. Kamegai

i)~iii)  [H+]
 

 
i)  Cb = 0 pH  

      

[H+] [OH ]  

     [H+]2 + Ka [H+] CaKa=0    

 Ca  [H+]  
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ii)  Cb~(1/2)Ca pH  
[H+] [OH ]  

a+
ba

 b K
][HC(C
])[H ](C[H

       

   [H+]2+(Cb+Ka)[H+] (Ca Cb)Ka=0     
  

(Ca Cb), Cb  [H+]  

a
ba

 b K
C(C

]C[H      a
 b

ba K
C

C(C][H     

Ca Cb=Cacid,  
Cb=Csalt pH pH=pKa log(Csalt/Cacid) Henderson-Hasselbalch

pH
pH

 
 

iii)  Cb = Ca pH  

      

[OH ] [H+]  

   [OH ]2 Kb [OH ] CbK = 0   

 Cb  [OH ]  

      or   
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N.  

 
  

. 
 

.

  
 
 

 

10~15mmHg  
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O.  1H-NMR  

 
J 

(Jgem Jvic Jlr)  
 

:  DMSO-d6,  300 MHz 1H-NMR  
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:  CHC 3 & DMSO-d6,  300 MHz 
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