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« HOZOMAIQ D23 S7hSSE AIM7|2E ALESHAI2.
« O] O|2 A[HX[= X|A| A S H|2[5t 22 63 H[O| X]O| T},

« Ol AIE2 9 2HIZ O|R0{X ALt

o« Al A|ZH2 5 AjZhO|Ct,

o AlEStah= HEO| BO{XIH AEBIAI2.

. BE Zohe BOHN|O| XIHE G0 ot AR} otofl MO MopsiCt, HAXI 7 BRI AIHK|)
SIAIS. Eroh ALX} 10l MOl EHS XFBI| SHoThe 22 BASHAIR

. TS AL MM AXfo] BAE| A4S HON Q. F0|7} ofof HEH chef BEE B 4 Utk

. AE ASEE ZL| 30 £ Hojl BR3H}

. AES BXIGtEts U2 SOU FA| HEO{0f BT, HAX| OT Ao LIt

.« 0] B 22 0 AIHO| B4 Fof H{FHS QHH0 2 2 QUL

. 51242l0lS NHFAE He 4 9Tk S0/ WS A2 (A TF, AN AR 5) A2 50 %
K| 7|ICH2I A 2.
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ZHeHHE YL

EdHz | HS b EH%
1 E{7|Q| & OLELCHS: W n¥o|et L7t2t 10| 24 8

2 HtS M Z7H| (Reactive Intermediate) | 0|0f7| 17 10
3 (x)-2o|22]| Al (Coerulescine) 51 8

4 Z2% AN (Symmetry)! 66 10
5 FLlof, &, HIEF-FHE2EL HIEFRI A, HH KA, Al2f 100 14
6 ezt ls Sot FHS 80 12
7 IEFZAtO|Oft 85 12
8 SAHEN 2 MY 58 14
9 340|229 FT2AM 100 12

Al 641 100
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otEItER & N, = 6.0221 x 10**mol ™"
EXRTH AR kp=1.3807 x 10°23JK*
7|H| A4 R =8.3145 JK 'mol™" = 0.08205 atm LK 'mol ™"
& c=29979 x 108ms!
=Rt h=6.6261 x 10~3*Js
oi2{H[0] A4 F =9.6485 x 10*Cmol "
Hxtel &t m, = 9.1093 x 103! kg

P =1bar=10°Pa

CHo |2t P, =1.01325 x 10° Pa = 760 mmHg = 760 torr
HM 0= 273.15 K
1T 20/E (pm) 102m;1A=10"1"m
1 Lt 0B (nm) 1079 m
1eV=1.6021 x 107 J
l1cal=4.184J

lamu = 1.6605 x 10727 kg

1.6021 x 107 C

PV =nRT
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ollEtT| H=U+PV
UA Xt ol K] G=H-TS

A,G = AG° + RTInQ

A,G°=—RTInK = —nFE",

cel

AEZm| ez} AS = %2, 07|M g, & 7k DHE 9| Holrt,
SlEZI| M3} AS=nRIn 2 (014 7|H|2| S2 YEO CH3H Af)
HIEAE SHA E = E° + Ef In feettation
n reduction
ZXte| of| K| E=he
HME & A
0 xf [A] = [A], — kt
1kt In[A] = In[A] —kt
2 X A — 1 4
b AT mp

k= Ac B./RT

Yy=mr-—+n

A=c¢le
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1 18
1 atomic number 2
H| 2 Symbol 13 14 15 16 17 | He

1.008 atomic weight 4.003
3 4 5 6 7 8 9 10
Li | Be B|IC|N|O]|F|Ne

6.94 9.01 10.81 | 12.01 | 14.01 | 16.00 | 19.00 | 20.18
1 12 13 14 15 16 17 18

Na|Mg| 3 4 5 6 7 8 9 10 11 12 |A|Si|P | S |Cl|Ar

22.99 | 24.31 26.98 | 28.09 | 30.97 | 32.06 | 35.45 | 39.95

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

39.10 | 40.08 | 44.96 | 47.87 | 50.94 | 52.00 | 54.94 | 55.85 | 58.93 | 58.69 | 63.55 | 65.38 | 69.72 | 72.63 | 74.92 | 78.97 | 79.90 | 83.80

37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb|Sr|Y |Zr INb|Mo|Tc |Ru|Rh|Pd|Ag|Cd|In |Sn|Sb|Te| | | Xe
8547 | 87.62 | 88.91 | 91.22 | 9291 | 95.95 - 1011 1029 | 106.4 | 107.9 | 1124 | 1148 | 118.7 | 121.8 | 1276 | 126.9 | 1313

55 56 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs|Bafsmn |Hf | Ta| W |[Re|Os| Ir | Pt |Au|Hg | Tl |Pb| Bi | Po| At | Rn
132.9 | 137.3 178.5 | 180.9 | 183.8 | 186.2 | 190.2 | 192.2 | 195.1 197.0 | 2006 | 204.4 | 207.2 | 209.0 - - -

87 88 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118

Fr | Ra |ss103| Rf I Db |Sg|Bh|Hs | Mt |Ds|Rg|Cn|Nh| Fl |[Mc|Lv|Ts|Og

57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
La|Ce | Pr |Nd|Pm|Sm|Eu|Gd|Tb |Dy|Ho | Er |[Tm|Yb | Lu
138.9 | 140.1 | 1409 | 1442 - 150.4 | 152.0 [ 157.3 | 158.9 | 162.5 | 164.9 | 167.3 | 168.9 | 173.0 | 175.0

89 90 91 92 93 94 95 96 97 98 99 100 101 102 103

Ac|Th|Pa| U [Np|Pu|Am|Cm|Bk | Cf | Es |Fm|Md|No | Lr

- 232.0 | 231.0 | 238.0 - - - - - - - - - -

‘:’1 - >
201 qﬂiﬁ:;,; @
IYPTSE |
Intarnaticnal Year n m

of the Pariodic Table
of Chamical Elements
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I\Ille
aryl NH, aryl NH, Me—EIBi-Me
Me
amide NH, NH, alkyl NH, NH, (TMS)
aryl OH alkyl OH
Q =—H
M _H H
R” "0 H LA | |
— H C-H | —cC-H
O] T[]
RJLH Y=N,0,X Y=C, O N Y
| | | | | | I | | | | | |
2 11 10 9 8 7 6 5 4 3 2 1 0
Chemical shift (5) ppm
Typical Coupling Constants
T i T
H H H H
geminal geminal vicinal
2J=0Hz 2J=2-15Hz 3J=6-8Hz
(homotopic hydrogens) (diastereotopic hydrogens)
I N, / H
X—C—C—Y c—cC ‘c:c/
[ / \H / \
H H H H
vicinal cis trans
3)=2-12Hz 3)=7-12Hz 3)=12-18Hz
(depends on dihedral angle)
/ H
c=C C:C/ H N\
/) /A | —H
H H _
geminal allylic 3J=6-9 Hz (ortho)
2J=0.5-3 Hz 3J=3-11Hz 4)=1-3 Hz (meta)

(depends on dihedral angle)

5J=0-1Hz (para)
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c=cC
aromatic
C=C c—oO
C—N
c=0
c=0 acid c=C c—cC
aldehyde ester
ketone amide CcC—X
I I I I I I I I I I I
220 200 180 160 140 120 100 80 60 40 20

Chemical shift () ppm
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IR Absorption Frequency Table

Functional Group Type of Vibration Absorption Frequency | Intensity
Region (cm™!)

Alcohol

O-H (stretch, H-bonded) 3600-3200 strong, broad
(stretch, free) 3700-3500 strong, sharp

C-0 (stretch) 1150-1050 strong

Alkane

c-H stretch 3000-2850 strong
bending 1480-1350 variable

Alkene

—C-H stretch 3100-3010 medium
bending 1000-675 strong

c=C stretch 1680-1620 variable

Alkyl Halide

C-F stretch 1400-1000 strong

C-Cl stretch 800-600 strong

C-Br stretch 600-500 strong

C-l stretch 500 strong

Alkyne

C-H stretch 3300 strong, sharp

c=C stretch 2260-2100 variable, not presentin

symmetrical alkynes
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IR Absorption Frequency Table

Amine

N-H stretch 3500-3300 medium (primary
amines have two
bands; secondary
amines have one
band, often very weak)

C-N stretch 1360-1080 medium-weak

N-H bending 1600 medium

Aromatic

C-H stretch 3100-3000 medium

Cc=C stretch 1600-1400 medium-weak, multi-
ple bands

Carbonyl

Cc=0 stretch 1820-1670 strong

Acid

Cc=0 stretch 1725-1700 strong

O-H stretch 3300-2500 strong, very broad

C-0 stretch 1320-1210 strong

Aldehyde

C=0 stretch 1740-1720 strong

C-H stretch 2850-2820 & 2750-2720 medium, two peaks

Amide

C=0 stretch 1690-1640 strong

N-H stretch 3500-3100 unsubstituted  have
two bands

bending 1640-1550
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IR Absorption Frequency Table

Anhydride

C=0 stretch 1830-1800 & 1775-1740 two bands

Ester

Cc=0 stretch 1750-1735 strong

Cc-0 stretch 1300-1000 two bands or more

Ketone

acyclic stretch 1725-1705 strong
stretch 3-membered - 1850 strong
stretch 4-membered - 1780 strong

cyclic stretch 5-membered - 1745 strong
stretch 6-membered - 1715 strong
stretch 7-membered - 1705 strong

o, B-unsaturated stretch 1685-1665 strong

conjugation moves absorptions to lower wavenumbers

aryl ketone ‘ stretch ‘ 1700-1680 ‘ strong

Ether

c-0 | stretch | 1300-1000 (1150-1070) | strong

Nitrile

C=N | stretch | 2260-2210 | medium

Nitro

N-O \ stretch \ 1560-1515 & 1385-1345 \ strong, two bands




