A
ﬂ/—\ problem 1
\ ;
IR spectrum
(liquid@ f£ilm)
0 T —————
1705 s /—_
NSRS E RN RN S T T S T S I A | uo'/_\ /' ]
4000 3000 2000 1600 1200 800 T \ , 1
V {em 1) - \ ]
. , ]
904 43 . mass spectrum de- \\\// ]
] s t i
704 § s ]
o - 0%t i
a
301 29 - UV spectrum -
g : . : " 33.3mg/10ml EtOH -
3301 ut 72 [ lcm cell B
"10- 2 - i
— 1417 aasans - - T 15 U GRS S TR SY 1 A:
20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 00 250 300 350
m/e A (nm)

1

{ ] i 1 1 i i i i i i ] ] i | | i i i I i T T T

20 MHz carbon-13

NMR spectrum
CDCl,4 solution ’ l H |
W, ) ":‘lMum’ w

off-resonance decoupled

proton decoupled
L n 1 L I L L 1 . L ) 1 ] 1 1 Il ] } 1 t

220 200 180 160 IAO 120 100 80 60 40 20 0 ot

T B i i I i 1 i i 1

100MHz proton
NMR spectrum

CDCl3 solution

1

i

]

r-

5(ppm)




l[llll[lllullll[\’l\{wwv]\ﬁ] Y A S S B B N B R
problem 2
IR spectrum
(liquid £ilm)
0 LR [
FUSURUSTS USUR N AR I NE U6 NE U SN UR 0 U8 SN RS MU RN SR AN RO NN NS NS NN SN SN NS S | 03" B
4000 3000 2000 1600 1200 800 T .
V (em h) - .
904 ! mass spectrum gQé_ |
J s L ]
%70: s | -
e |09 UV spectrum -
¢°0] : i 5.0mg/10ml 4
2 1 + . B cyclohexane
30 29 127 M- 156 §°::i‘§3:n ¥: 5 0.5cm cell ]
CR L
%101 - -
~ Y T Y 4 Y ey I Y ‘-5 1t 1 L } " 1
20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 0 250 300 5“&50
m/e )\ {nm)
K 4 i i ! 1 1 T 3 V i | 1 i 1 ] " T T Y T " Y
20MHz carbon-13
NMR spectrum
CDC13 solution
Qv e AN At por s —~ e e
off-resonance decoupled contains
no TMS
TMS
L
proton decoupled IV W
| ) N Ll ] il ! ] ! Dl | | ] ] | | — L ] i
220 200 180 160 140 120 100 80 60 40 20 ¢} 0 (ppm)
T T T T T T ! T T _n_
100MHz proton NMR spectrum
CDCl3 solution




0 v A 1
1690 B
KOO8 I 0 I U O O O A T T U S S DUSNO HN) ANS VAU AN S AW 0:; [\
4000 3000 2000 1600 1200 800 i
vV (em ) "
904 105 mass spectrum gQé— ! |
E 77 ' 5 - \ ’ ]
J7Oﬁ ° I Voo
[+] _QO - v
%501 o S{r Yooy spectrum _
e - 1.075mg/10ml EtOH ]
330‘ . 123 O.lcm cell |
: 4 M. 134 C9H100 — g
104 B b
T S| N , 15
20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 0 250 30 50
m/e : A (om)
i 1 i i T il i i i i [ i ] i i i 1 1 T T T T T
20MHz carbon-13
NMR spectrum
CDCl3 solution
e —— L " _Jl JULJ¢__
off-resonance
decoupled .
proton I 4}
decoupled A A o
L L o A L ! L 4 I | I L i L 1 L | 1 Il 1 I o
220 200 180 160 140 120 100 80 60 40 20 0 3 twom)
T | | T T T T T p——
100MHz proton NMR spectrum
CDCl3 solution
—— /’
t
__,"|1 |
A |
! Il ol ] ] I <57 T |
10 9 8 7 6 5 4 3 1 0

LA S N S S I SN R 0 B

IR spectrum
(liquid £ilm)

5 (ppm)



T IR L !

problem 5

IR spectrum

{ligquid £ilm)

[o] ] ] '
1725 B
I O A A (O TN AN W N S NS S AN S PO 03"'
4000 3000 2000 1600 1200 800 T
v {em-T) I~
904 24 45 ' , mass spectrum gQé_

4 Bl 2 F UV spectrum
704 s r no significant
g ] <05} absorption
s501 = above 210nm
2 1 MY 74 o

30 12
=] N
"OT =
1 P - ]5 4 n L
20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 250 250
m/e A (om)
T T T T T T T T T T " T T T T T T T T ! T T

20MHz carbon-13
NMR spectrum

WMMM1

?WMV 1 ”*W'WM*‘W J’rWM*f LWWWWLWW‘JW"

1 5 i L 1 L H H

A
220 200 180 160 140 120 100 80 60 40 20 0

T I 1 1 1 | I t I
100MHz proton NMR spectrum .

CDCl3 solution

L— Ju' U L |

4x expansion -




« of base peak

Tl rrrygyrevoyr T T T 0 T 144"

IR spectrum
(liqguid £ilm)

problem ©

4000 3000 2oooV ,'1)600
{em~

90 9L mass spectrum
701
501 o2
304

d +
101

absorbance

UV spectrum

5.662ma/10ml EtOH
lem cell

(nm)

)

20MHz carbon-13
NMR spectrum

C0613 solution

proton decoupled

off-r;sonaﬂée decoupl;d

'“—*-V*“h"* SRS | NN

T |

L

326200 180 160 140
T 1

]

CDCl3 solution

1 il

100MHz proton NMR spectrum

exchanges

J

i ot




mllllll[lﬁlll
IR spectrum
(liquid £ilm)
T I O VI 1 N IS W AN A N U OO PO NN S I
4000 3000 2000 1600 1200 800
V (em)
90* 104 N mass spectrum
€70
. 77,8

problem 7
0l T MR
//-/—
¢ ~ !
<0 \ .A ]
g |
3 | i 1
2 ! ]
20! | vv
! UV spectrum :
5.815mg/10ml EtOH ]
lem cell B

20MHz carbon-13
NMR spectrum

CDCl3

5x expansion L IIL
off-resonance
decoupled
proton decoupled | ‘ulg L .
3 h 1 h;l - { L 1 t I 3 i 1 1 1 e J 4 1
220 200 180 160 140 120 100 80 60 40 20 0 0 tom)
-T= ! T T T T T T T e
l00MHz proton NMR spectrum
CDCl3 solution
__Jr' -/
exchanges
4with 020 u
N M A
] ] ! I L]
4 3 2 1 0




T T T T T b ] l' l’,
problem 8
IR spectrum
(CHcl3 solution)
1700 1675 of T v v e Ty Ty T T
u_IJJlJ'ljllllllrllxlll wod e L L I 03"' 1
4000 3000 2000 1600 1200 800 T 1
vV (em ) B 8
901 44 rass spectrum §Q°'— E
J 2 F UV spectrum |
«704 + s I no significant Ny
i ] 43 Me 59 <09 absorption -
350.‘ = above 210nm i
23] 1%+ :
© = -
104 8
. N ey ‘5 VI T T N
20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 0 250 5‘6?) 5
m/e {nm)
T T Y Y Y Y -7 T T T ¥ i i 1 i | i i I T 1 1 i I
20MHz carbon-13
NMR spectrum
nzo solution
dioxan internal reference
67.7ppm
L e I U\W
off-resonance
decoupled
dioxan
proton
decoupled J
j A oo homrara,
L J I I I L L L ] o I b n L A A I " " N
220 200 180 160 140 120 100 80 60 40 20 0] 0 (pom)
1 i 1 ] | I 1 ! i !
100MHz proton NMR spectrum !
CDcl3 solution
I’—__/_,__
;s j
exchanges X i
with Dy0- {
on warming
R Jg_J o
1 1 1 L 1 | ] L. ] 1
10 9 8 7 6 S 4 3 2 ] 0




j[ LEJ 1Y J T LRERN AT’[ | ] ] | ~1W ] i ] | | | ]
| W problem 9
IR spectrum
(liquid film)
[ (0] ' T
[ - /
U I NS N U I S SN AN SO Er | PR 1 § VPO § { 1 1 O3>_ 4
4000 3000 2000 1600 1200 800 1T
vV o(eml) B
907 91 , mass spectrum %0.6~ ~ /
2 r /
o] 2L U
S Bosf- !
8 -
050- i
g . - | UV spectrum
307 L Sl 0.917mg/l0ml hexane
o R = 0.2cm cell
I'!IO- Jl cM: 170/172 C7H7Br I~
1 e e ‘-5 ORI S SN N
20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 500 250 300 f;so
}\ {nm)
1 ) i [ 1 g i i | i i ] T i ' i
20MHz carbon-13
NMR spectrum
CDCl solution
off-resonanc i 1‘
decoupled
5x expansions
proton centred at
decoupled 129ppm 1 ) I
L ) L . ] Ll ! J I L | | I 1 1 1 L L Lo . L 1
220 200 180 160 140 120 100 80 &0 40 20 0 5 pem)
] ] | I 1 | | | ] [
100MHz proton NMR spectrum
CDCl3 solution
T T
| —1
il
Jk _J
| 4 1 ! I ! { { ! {
10 9 8 7 6 5 4 3 2 1 0



=

AN LA AL N S (R S A N A N D S SR H B SR

IR spectrum
(liguid film)

problem 10

0 R A
| | UN N U0 WU U0 0 S U KN TS NS ORI S RN NN M SN T A o :
4000 3000 2000 ]1600 1200 800 -

V (em}) —
90 mass spectrum ho] =
E 55 . 5 UV spectrum -]
704 'g no significant -
g ] 20 absorption —
a o= above 210nm —
o501 -
2 ] + . .
301 70 M- 106/108 CSHllcl (less than 1%) 1
o ] :
2 —]
104 g
1 = - T T T T l' PO L
20 40 60 80 100 120 140 160 180 200 220 240 2560 280 300 320 0 0 250 300 350
m/e l {nm)
i i T J { i 1 1l 1 i | [ i i i B } 1 T ¥ I T
20MHz carbon-13
NMR spectrum
CI)Cl3 solution
off-resonance decoupled
proton decoupled ; LL ’
N IS N N | I ! Loerend L L L | ] J L el i i
220 200 180 160 140 120 100 80 60 40 20 0 3 oo
T T T T T " T ! T _T{_
100MHz proton NMR spectrum
CDC::L3 solution
/
/
|
i
| 1 | ! I 1 ] L
10 9 8 7 6 5 4 2 [ 0

0 (ppm)




LSS L B B A Y R N Y T

w problem 11
!
IR spectrum
(CHCl3 solution)
0 L T
- [ ]
NN R RIS I TN BV BT U R B R I 03‘- AN : -
4000 3000 2000 1600 1200 800 T p 1
vV {em) ¥ . X .
90 R mass spectrum §Qé, \'\ 4[! :
: 91 S F ~ “‘ _
=707 . 5 -
i 1 <0% ' -
301 B ‘ - .
E 1 MY 182 ™ : UV spectrum —
301 T ! 185.3mg/100ml EtOH|
: ] B ! 0.2cm cell -
101 [ | i -
— U A o v v ¢ ]Sh D N T T O N S Y
20 40 60 80 100 120 140 "160 180 200 220 240 260 280 300 320 0 260 250 30 50
m/e (nm)
T ] 1 T 1 ] t [ [ [] ] 1 [ [} i ] | ¥ 3 i T i
20MHz carbon-13
NMR spectrum resolvable
; into two
CDCl3 solution peaks at
higher
field
||
proton decoupled J!JL L t 4]_*
| (S 1 e | 1 L 1 1 ! I 4 L L il L L il Il L | Il
220 200 180 160 140 120 100 80 60 40 20 0 0 (ppem)
T n T T T ! T T ] BEERE
100MHz proton NMR spectrum
CDCl3 solution
;
\ | :
| | ]
i
\_ Y
] 1 ] - . I . ] —L | ]
10 9 8 7 6 5 4 3 2 1 0



Illtl]ﬁlllllll[l‘ll'l'{] I { ‘ 1 I ]]’IT]—[

problem 14

IR spectrum
{liquid film)

ol LN S S S SN S RS T M SR S S
| AU U0 IS TR WU R 0 O TN VO TN U U U Y S N TN CHUUNS SO SN VRN U SN NN S HOUY SN | B //-’
4000 3000 2000 1600 1200 goo o1 P v
V {zm 1) - \ ;
- - , [
90 105 ‘ mass spectrva b \ f
- o —~
707 Mt 120 CgHyy 3+ ,M
2 J 209 /h
¢’ N
__?30- 1A UV spectrum
o ] - 5.875mg/10ml EtOH
'10< - lem cell ]
] . 15 . ]
20 40 60 80 100 120 120 160 180 200 220 240 260 280 307 320 340 Eoo 250 300 350
m/e A (nm)
——p— T * ” ” 14 g ¥ ' O T ) - 0 1 i L4 v 1 Ll v '
20MHz carbon-13
NMR spectrum
(:I:rCJ.3 solution
off-resonance decoupled
proton decoupled J
I SR NSO S NN NSO S S TR (RSN NN NN NN S SN M S UM SN S SRS A SR
220 200 180 160 140 120 100 30 60 40 20 0 0 (ppm

i ) 1 ! i 1 I 1 i i

]

100MHz proton NMR spectrum
(:DCl3 solution

|

{

<
T



S5 mn S S Bn SN B S A 2 S RSN JNE N B R BN | lTT]I]f}?[‘[“
Hj/ﬁ m problem 15
IR spectrum
{liguid film)
1735 4
R NSRS ENE NI I 0 IEUS N S N S N S N U0 AN SO D N BN | ;
4000 3000 2000 1600 1200 800 1
V {em) ]
00- 101 mass spectrum g W spectrum ;
70' B ? no significant i
«x/V 2 absorption
§ 1 125 A above 210nm
fEley
é J
_301
.
"101 i j MY o174 cgn) o0,
S0 40 60 80 100 120 140 160 180 200 270 240 260 280 300 320 340
m/e
N A SR R I E SR RN SRR RN RENNEY ERRY It R NS
20 MHz carbon-13
NMR spectrum
CDCl3 solution
off-resonance decoupled
| o . i
proton decogFled N
1 ] { Il ! l " ] 1 1 L | ! 1 1 1 | S 1
220 200 180 160 140 120 100 80 60 40 20 0 0 (pom)
T I I T T T T I o ]
100MHz proton NMR spectrum '
cDCl3 solution
S 1
I
| _ e
] — ] ! L 2 1 L ] A{T
10 9 8 7 6 5 4 3 2 1 8]




TllT'll’llrlfl'lIl] T I T ‘ ] ¥ ‘ '
f’\ problem 19
IR spectrum
(liguid £ilm)
0 LIS BN HA S SN U NN R R B S g ,‘T
1690 8
INISSTIE N R WA AT 5 N AU 0 U N U T B N B T 03” ]
4000 3000 2000 1600 1200 800 B \ .
vV (em-l) B ' i
904 139/141 X mass spectrum gQ(; / \ :
' R / .
«70 ° 4 i ]
g 111/113 So9- / ;
a /
o0 R B
h M. 154/156 C_,H,OCl .
530- | 877 12r: UV spectrum i
M - 0.104mg/10ml EtOH
101 - lcm cell ]
1,5%# o .
340 200 250 300 553
m/e {nm)
I ] 1 1 1] 1 T 1 B ] [ ] 1 [l DR i 1 R 1 1 R
20MHz carbon-13
NMR spectrum
CDC13 solution
Y N
off-resonance decoupled
) - L_ L e
zOtlon decoulpled 1 1 S B | 1 1 1 1 H 1 1 1 1 ! 1 } }
T30 200 180 160 140 10 100 80 &% o X b
=T T T T T T T T T 1 T
100MHz proton NMR spectrum
CDC13 solution
3H
- 2H 2H
I8 e
] r— ] ! ] L. ] ! i |
10 9 > / 6 5 4 3 2 1 0

5 {ppm)



‘.)U.\'U.a

]lIll,llll]llll’T"lTle

q problem 24
t
IR spectrum
(nujol mull)
SR L L L N ]
172 i B . p
| (N N I O A S A0 NN A0 S SN SN DG SN SRR N SR | 03' /\ ; 1
4000 3000 2000 1600 1200 800 T |\ , ]
V (eml) B Y 4
177 mass spectxuin soq. / v :
1 s F V ]
2707 149 s b ! 4
¢ - | S0% | .
>N | - UV spectrum .
_§ J | 166 J— H 0.491mg/10ml EtOH
304 ’ 194 13 0.2cm cell ]
- N i
v 121 MY 222 Cy,H,,0, 4
104 m 1 -
| WYY 16 S S S T - . ]
20 40 60 80 100 120 140 160 180 200 220 240 260 280 370 320 340 [¢] 250 300 350
m/e A inm)
T T T T T Y T T T T g ] T T T ] T T T T T T :
20MHz carbon-13
NMR spectrum
CDCl3 solution
off-resonance decoupled v B -
1 L J L
*PIOFOH decﬂlpled{ 1 1 1 IS — 1 ! 1 ! - 1 1 1 1 I 1 1
220 200 180 160 140 120 100 80 &0 40 20 0 5 toom)
I 1 I I 1 ] 1 1 | N
100MHz proton NMR spectrum
(:DC].3 solution
ﬁ o R
| , B
J
A it J__
| 1 ] ! ! 1 | L ! 1
10 9 8 / 6 5 4 3 2 1 0
5(99#!)




NLAREERREENLRERE N L O L L L

qu ’ problem 25

OH@

|
i

1
i
]
|
IR spectrum
(ligquid £ilm) '

1725 ; )
[ VTR O W NN 6 I U O O I T G DO B | T I DA | a i 1
4000 3000 2000 1600 1200 800 ; ; A
V (em) , ‘ A
a 'b 1
904 mass spectrum ‘ §° / i -
J 4 3 g /\/,‘ /
_ g ~ 1
=793 na4o s / I
¢ o -gO. i i e o
2, Y
ey / g
3 17 ‘l UV spectrum -
301 ,7 t / 2.010mg/10ml hexane
° MY 222 C,,H,,0 a 0.lcm cell i
’]0- l . 1271474 b l.0cm cell ]
S S S ! (m* 125,4) 1, . o,
20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 00 250 300 350
my/e A tam)
! { i { l 1 T T T | ] T B T ] T ] T T T T v
20MHz carbon-13
NMR spectrum ’ '
CDCl3 solution j
I | |
| K‘Jv
“*‘U"“‘"“ -7 I ‘J-—-__\,-Al.L\.__
off-resonance decoupled
- } i
| e
J |
proton decoupled — J‘ J"‘
B N 1 [ 1 ! ! ! L L | || { 1 e —— . !
750 200 180 160 140 120 100 80 & 40 B/ 0 5
T N ] i ) | 1 | 1 i
100MHz proton NMR spectrum
CDC13 solution
—
10 9 [2 7 6 5 4 3 2 ] 0




ak

e pe

JLACJNL I UL O L O B L N U N TR S O A N AR R A A I
ﬂ /y] / problem 30
'~ IR spectrum A
(nujol mull)
[T T T rryrrrrrerTTTTYTT
705 - /'
Lty g b b g 4 e ) ; . 03"
4000 3000 2000 1600 1200 800 T /
V (em) - /
N mass spectrumw §O.é_
- 150 2 F
70 + s
] 77 M- 151 C7H5N03 '30.9'[ ‘
£} - *
27 i 1
301 12} UV spectrum
L 105 - - 0.141mg/10ml EtOH
1 lo4 - lcm cell
] S U N T e 15
20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 20 340 200 250 50
m/e A (om)
1 1 1 i { ! i i [ | i i ' S { 1 1 T T T =T T
15MHz carbon-13
NMR spectrum
CDCl3 solution
fo A Ui L'\.W
off~-resonance decoupled
proton decoupled hrok i
. n Y 1 1 1 L " e  — b - 1 L 1 1 1 1 4. ! I}
220 200 180 160 140 120 100 &80 & 40 20 0 S (ppm)
T I i T T T T T T -—l-1
100MHz proton NMR spectrum
CDCl3 solution
/
spectrum offset 4ppm )
,_____J L - i
| ! | } | | i ! |

-
O
W
N
W)
L
O

10 9 8

0 (ppm)



LI R Nt Y N N 0 IR Y Y Y B R Y SN NN RN N B N |
m \J problem 31
820
impurity IR spectrum
(ligquid £ilm)
1640 '
| I A A 0 N N I 0 0 0 A S N U | DR U I T U W N | )
4000 3000 2000 1600 1200 800 1
) V (em ) .
172 mass spectrum T S :
90: s UV spectrum
s i
70 4 5 no significant
g ] _‘é_ absorption |
g + - above 210nm
350- M- 116  C.H N0
2 7 42 N
'&w T
[-3
1 4
101 [ .
S TS N S T ]
20 40 60 80 100 120 140 160 180 200 220 240 260 2 ial 50 250 306 550
m/e )\ (nm)
T 1 ! T T T T T T 1 T T T ] | i [ T 1 T T T T :
20MHz carbon-13
NMR spectrum
CDC13 solution
J . o
off-resonance decoupled -
proton decoupled A - L
*4!_ 1 L ] § 1 N 1 ] e ) - 1 ! 1 1 1 )
T30 200 T80 160 140 0 100 B0 0 40 W 0 B
T T ] T T T T T T T =T
100MHz proton NMR spectrum
(:l)Cl3 solution




3410
3327 problem 51
IR Spectrum 1680
(nujol mull)
] " 2 " M | N i 1 P | " 1 M 1 1 1 M I T T r
4000 3000 2000 ; 1600 1200 800 0.0 F -
V (em) ]
1001 120 Mass Spectrum | g5 ! .
s [ ]
o0f i
[ &
60f 2 M+ 2 ]
[ o 165 10}F UV spectrum .
401 s il § ]
[ e 92 0.172 mg/ 10 mis
20F 137 path length : 0.5 cm
:. J . l ‘ Cg H 11 N 02 3 solvent : ethanol ]
i 1 A Fl A A A 1 ] A 4 A 1 1 P Il 1 -5 l
40 80 120 160 200 240 280 200 250 300 350
m/e A (nm)
l ¥ ' k] ' L] ' L I ¥ I ' 1 I L) L l L} ' L} ' L)
13C NMR Spectrum
(20.0 MHz, CDClI,, solution)
off-resonance decoupled T
TMS
solvent
proton decoupled L llL
| A 1 A | \ 1 N 1 PO | { A | 1 1 1 2 1 N 1 2
200 160 120 80 40 0 &(ppm)
"H NMR Spectrum ™S
{100 MHz, CDCl,, solution)
exchanges
i 1 | L | X | 1 | 2 ] 2 ] L | 1 | i | L |
10 9 8 7 6 5 4 3 2 1 0




