Priklad 8 — TH NMR

Zadani: Elementarni analyzou kapalné organické latky bylo nalezeno 81.05 hm. % uhliku a 8.02
hm. % vodiku. V UV spektru se projevuje silna absorpce v oblasti okolo 250 nm (¢ = 17000), 290

nm (¢ = 1000) a 370 nm (& = 15). Na zakladé& téchto Udaju a pfilozenych 1H-NMR, MS a IC spekter
urCete strukturu latky a interpretujte spektra.
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HSF-01-543 pprm

Pomeér integralnich intenzit A:B:C:D:E=1:2:2:1:6



Relative Intensity

Priklad 8 — EI-MS spektrum
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Priklad 8 — IC spektrum

Lon
5D
L y —T ™ T T T
4000 3000 2000 1500 LA Soa
HAVYEMUHBER! -1l
dda0 &4 2733 36 1386 131 ll44 B3 BZ9 1=z
305 53 1703 4 1364 36 loga 47 Ted4d EE5
Jdza 33 1&04a 7 1342 47 lass 22 Tl 26
2904 1= l6T6 LB 1306 17 lOl6 3B TE4 29
2931 25 ldg2 27 1288 42 laoy &2 EOS 44
247 26 1425 35l 1213 12 590 64 395 47
2427 3B 1393 =0 1170 13 241 L2 E42 21




Exercise 001 (001)

Priklad 9

100 100 mi/z Int.rel. miz Int. rel
m 150 3 420 1
9 19.0 1 43.0 8
o 260 3 440 2
J 27.0 19 45.0 44
60 28.0 5 46.0 1
N 200 42 | 580 67
50 00 1 | 600 2
40 31.0 100 73.0 4
| 320 1 740 44
5 #M0 6 | 750 2
% P it L. . il
0 . | ; . . . b e e e
4000 3000 2000 1500 1000 500 10 5 30 35 40 45 50 60 65 70 7
Wavenumber (cm)
B 0
THNMR é _* ¢ 5 4 ’ & 5 (ppm) C NMR 160 140 120 1(?0 80 10 20 ? 8 (ppm)
60 MHz, CCls \ 1 \ :
BEEREE | DEPT — } L
| i \ l
| ‘ 1 ‘
| | L]
" | Oﬁﬂeﬁonance l{‘
| | |
a ' I ‘
| | ;
Broadgand | ‘ ‘
L 1
10 9 8 7 6 5 4 3 2 1 0 8(ppm) 220 200 180 160 140 120 100 80 60 40 20 0 & (ppm)

d (integration): 1.3 (3), 3.5 (2)

5: 15.19, 65.88




Priklad 10

Exercise 002 (003)

100 100 m/z Int.rel. m/z Int rel
- 140 1.3 420 49
J 150 6.2 43.0 100.0
- 180 21 40 27
— 260 1.4 450 147
| 270 65 61.0 149
. 280 25 700 99
s 290 13.7 73.0 47
50 4 | 310 1.0 880 5.1

A
Liquid film V 4 |

4000 3000 2000 1500 1000 500 e i i et i e My
Wavenumber (cm™)

HNMR
60 MHz, CCl4

DEPT ‘
=S i

________-
: gt

o

S ——

4 # > | &5(ppm) 3¢ NMR 160 140 120 100 80 60 40 20 ?5(ppm)
}
|

| |
[ |
|

.
| ‘ e Ll Jh‘n
J Broad Band EI L

[
|
1
8 7 6 5 4 3 2 1 0 8(ppm) 220 200 180 160 140 120 100 80 60 40 20 O & (ppm)

10

o0 w 1

(integration): 4.12 (2), 2.04 (3), 1.26 (3) o: 171.1, 60.4, 21.0, 14.3




Priklad 11

Exercise 005 (094)

100 100 m/z Int. rel m/z Int rel
- 270 89 580 22
J 290 159 670 13
- 390 74 69.0 36
- 400 1.0 700 100.0
3 410 259 710 831
420 155 720 46
- 430 885 830 3.0
50 - 440 37 840 1.5
o 530 29 850 1.1
S 540 1.0 120 6.4
i 550 357 130 203
560 3.2 140 18
m 204 ‘ 570 503 1420 32
0 l-qu.id ﬂ:m s o e N : N y e - - . - veegeeeegue IIII ) I:' v I. llIl ! II + l I ¥ ll: i ] ¥ |} T II‘] ) L} | ”l! "-!l !'"l
4000 3000 2000 1500 1000 500 50 100 125
Wavenumber (cm™)
: — ‘ B
1H NMR * 7 # 5 + é | ‘ 5 pom) C NMR 1Q|o 11{0 120 11?0 SP QO T 40 9 5 (ppm)
90 MHz, CDCly | e | i : | |
v bl L | DEPT | J
ERER | | |
| f . : | ;
e | | |
\ : t ‘
1 . '
? : 1 | Off Resonance | || | | ‘[
| | | e
: | | Broad Baéd f ;
| | | | i o i |
10 9 g8 7 6 5 4 3 2 1 0 & (ppm) 220 200 180 160 140 120 100 80 60 40 20 O & (ppm)

d (integration): 1.05 (5), 0.86 (6) 0: 43.08, 22.88, 12.61




Exercise 008 (011)

Priklad 12

100 100 m/z Int.rel. m/z Intrel
’—,j v -1
J 15.0 1 560 5
- 18.0 1 570 1
- 270 7 580 26
280 7 500 1
& 200 10 700 3
: 300 26 710 1
50 - 41.0 1 86.0 100
) 420 8 870 5
“ 430 1 1000 7
| 440 10 101.0 18
i 54.0 1 1020 1
0 e - —_— - i - U - ul\,, .,.l l r ..:,!:l:,,. rrrrr e l,!‘
4000 3000 2000 1500 1000 500 10 0 3 40 0 60 70 80 ) mlz
Wavenumber (cm™)
1H NMR F I ? 1\ : ! ‘ - [75C NMR 160 140 1?0 100 st Tl Tl 20 T 3 (ppm)
60 MHz, CClg T ‘ | T ‘ DEPT , ‘ 1 I ‘
| BEEEE |
l | \ | | ‘ . :
| | | |
| u | |
| | | |
| | io | | |
| || Off R || l |l!|
| | | e nanceL | .
| | |
\ | L l
i e
‘ \
‘ ! - Broad Eanu ‘. J [
| I l ~t T —1- :
10 9 8 7 6 5 4 3 2 1 0 S(ppm) 220 200 180 160 140 120 100 80 60 40 20 0 & (ppm)
3 (integration): 2.42 (2), 0.97 (3) 5: 46.5, 11.8




Priklad 13

Exercise 010 (005)

100 100 miz int.rel. m/z Int. rel
% m p\ an ﬂ‘ l(\\l ] 159 2 420 3
’ [ 1 M0 1A ] l il a0 18.0 3 430 26
N | | | I_J I 1 = 260 1 500 1
Nl | | 1A i R | 270 16 51.0 1
{1 | I 'ﬁ [ 1 J 280 3 530 2
i 290 51 55.0 5
50 i ||l ! 4 % u e g
' 320 1 5720 100
‘ -1 37.0 1 58.0 5
y | ] 38.0 2 59.0 1
’ . 380 19 710 1
20 | 400 2 860 18
Liquid film ' 41.0 83 87.0 ‘ 3
9“= s 1 Vipgem e e = {1 L
4000 3000 2000 1500 1000 500 b et S e e e et
wa‘-—‘%ﬂ%}%’“b%r {sm-1} 20 0 40 50 60 70 B0 mlz

THNMR * # + 5 4 f é h ?S(DDH'I} C NMR | 19;(,0 1?0 110 100 T T} Tatppm)

60 MHz, CCls .’

Jj

|
Bl

R

1‘ |
' 1! | | ' .i ] | ki
| | | | [ |

| ! | f | | | r ' | I [

| f I | l i \ [ \

g || sosapond ||| RIins

- | | - T | ! | . . |

| | ! | | - ] 1 [ ] ] | =

10 Q 8 7 6 5 4 3 2 1 0 5(ppm} 220 200 180 160 140 120 100 80 60 40 20 0 & (ppm)

S (iniegration): 9.48 (i), i.08 (9) 0: 205.83, 42.50, 23.44



Priklad 14

Exercise 011 (066)

100 100 mi{z Int rel.‘ m/z Int rel.
N /T \ - 180 36 420 21
IWARRY \ A A m N /'\,\\ 3 270 28 430 22
W\ v \/ VY Ui | il 280 26 440 718
wiil (VAR IR 3 [ o 290 29 450 4.3
| IR \p 300 100.0 550 24
| i1 , | | - 310 22 560 27
- | Il \ 1 o 390 19 720 141
. 410 42 1010 24
v U 1 1020 039
4]
20)
Liquid film J - & .
0 e - e o = — 0 | wily PR 1T | T S I 8
4000 2000 2000 1500 1000 500 10 20 30 a0 s0 8D 70 80 op 100 110
Wavenumber (cm™)
H NMR ! ! [5G R 16c 14 13C 140 ec &0 40 30 8 5.
H MR 87 6 5.4 3 2 | 03w TITITITIT 8 (ppm)
300 MHz, CDCl - -
| DEPT |
U\ off Resoance l [| ' |
| ﬂ \ t \ Broad Band
= |
10 9 8 7 6 5 4 3 2 1 0 5 (ppm} 220 200 180 160 140 120 100 80 60 40 20 0 & (ppmj
d (integration): 2.7 (2), 1.1-1.4 (8), 1.2 (2), 0.9 (3) d: 42.43, 34.09, 31.88, 26.72, 22.77, 14.09
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Exercise 017 (018)

100 m 100 mi{z Int.rel. m/z Int rel
\ N WY\ AW N4 1 o o e
1RER | | NN | Iom I b 2;: ;1: ::: :’5
i ! Il i i ﬁ H } 80 28.0 i 56.0 1
i 1 I - mo 1| eso 3
I 1 [l 69 o a) s
' - J8.0 2 67.0 100
50 1 l 390 25 680 5
400 3 770 4
i 20 AN 780 1
420 2 790 6
y 50.0 4 80.0 1
20 ] 51.0 6 810 M
52.0 3 820 43
Rt . | Il 530 10 83.0 al
.:":mu""l 0 1111 1]!]'] Illl J; ] ] ’1!11]]
S v n;n‘;\n v L ;‘;‘:‘" v v ;_—;‘"‘! = Aﬁ:-“-_' - =_=:==-= MAAAS AR AL MAAAS ALALS AAAAS AL AS LAAASAAS RS LASAS ALA LS LALAS A 1 U'v"'-vl"ﬁ:;?
4000 SUGO Pttt 500 000 oUU 10 20 30 40 50 60 70 By =
Wavenumber (cm)
1 y | e 13C NMR 160 140 120 100 8D — 40 20 0
HNMR N b | 4 b | 2 * d (ppm) | 1 ¢ (10 3 (ppm)
o0 MHz, CCig
= DEPT I
Off Resonance ,
1\—.) LA R Broad B]Lnd
10 9 8 T 6 5 4 3 2 9 0 3 (ppm) 220 200 180 160 140 120 100 80 60 40 20 0 & (ppm)
(integration): 5.6 (1), 1.98 (2), 1.6 (2 0:127.3,25.3,22.8




Priklad 16

Exercise 020 (012)

100

100 m/z Int rel m/z Int. rel
J 27.0 1 61.0 1
s 37.0 1 62.0 3
= 380 2 63.0 7
| 390 10 64.0 1
- 40.0 1 650 12
- 41.0 1 66.0 1
45,0 1 77.0 1
501 o 46.0 1 89.0 4
el 500 4 200 2
510 6 91.0 100
N 52.0 1 920 77
20 93.0 5
‘ | |
o | Liauid fim ;A NSS—T] FPRTU | MT] N MU S—1 1
il S = wiinili.. e = v e N e 10 20 30 40 50 60 80 a0
4000 3000 2000 1500 1000 500 e

Wavenumber (cm-)

"HNMR j) : 5 ] ) ? - — 3¢ NMR 170 140 11?0 170 ar 0 10 T) T 8 (ppm)
60 MHz, CCls ‘ ‘ ‘
| |
DEPT l | |
0# RescnancJ
i
J J Broad Band
{ | ) -
10 9 8 7 6 5 4 3 2 1 0 3 (ppm) 220 200 180 160 140 120 100 80 60 40 20 O O (ppm)

O (integration): 7.2 (5), 2.4 (3). 0: 137.8, 129.1, 128.3, 125.4, 21.4




Exercise 021 (013)

Priklad 17

100 m/z Int.rel. m/z Intrel
p (‘T\ 270 3.6 790 6.8
39.0 6.9 91.0 7.9
41.0 4.2 92.0 1.6
500 1.8 103.0 5.3
51.0 5.3 1040 28
52.0 1.8 105.0 100.0
50 - 53.0 2.7 1060 9.2
580 1.4 1150 24
59.0 1.6 117.0 2.3
63.0 2.8 119.0 15.0
65.0 3.7 120.0 701
77.0 100 121.0 6.7
780 3.6
CClg
0 ——r— —— RN | TR PR NN | N N %_.,J.J
4000 3000 2000 1500 1000 500
Wavenumber (cm')
1 3C NMR 160 140 120 100 80 60 40 20 0
HNMR 8 7 6 5 4 3 2 1 0 0 (ppm) 3 (ppm)
60 MHz, CCla
DEPT
! iI= ! ol | 1 d
] | r | 1 ] 1
Off Resonance Jl
! Ln. u &= i L | I -
| i | | | ] 1 |
'A Broad Band
| 1 ! | ki 1
| | | ] | ] 1 ] : - !_l  — | -l :
10 9 8 7 6 5 4 3 2 1 0 5(ppm) 220 200 180 160 140 120 100 80 60 40 20 0 & (ppm)

d (integration): 6.78 (1), 2.26 (3)

0: 137.7, 127.0, 21.8
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Exercise 022 (025)

100 100 m/z Int. rel mi/z Int.rel. m/z Intrel
‘ - 150 1 510 1 76.0 1
f J 270 1 520 2 770 | 15
i 280 1 570 1 780 | 52
B 370 1 61.0 1 790 | 1
A | 80 4 620 2 800 | 1
39.0 19 630 6 92.0 1
e 40.0 1 64.0 3 93.0 13
50 i 410 | 1 650 53 940 | 2
) 430 | 1 660 4 1070 2
e 450 | 1 740 2  108.0| 100
_ 500 | 6 750 1 1090 | 7.9
20
2
Liquid film 1 | l |
0 T T——— & - 0 L g || Yo lll 1 llIl I Laadlls Ml | I )
v v T L] ] ) L LAAAE LALA) RAiAs RAAadRAialRiaddRadad) W RAALS LAddd RASAZ AAAL] BASLE L S RAAAd i BAiidaaiidhatad iians Lilas 2
4000 3000 2000 1500 1000 500 10 20 50 60 70 80 90 10 110
Wavenumber (cm)
1 i L I 13¢ NMR 160 140 120 100 8D 0 40 0 )
HNMR b | 1 5 4| 3 2 0 & (ppm) i IR Ak 29 3pem
300 MHz, CDCI3 | ; l R
| |
| ; D#PT ‘ | . ‘
‘ |
i | | i ; . I
w i | | | l ,
, ‘ 1 [ ] ‘ 1
| | | | | | | ‘
*‘ | : \ ‘
1‘ Off Resdnanc% |

N~ l_‘ Broad Band
1 T’ [ | |
-
10 9 8 7 6 5 4 3 2 1 0 5(ppm) 220 200 180 160 140 120 100 80 60 40 20 0 & (ppm)

0 (integration): 7.3 (2), 6.9 (3), 3.7 (3) 8: 159.7,129.5, 120.7, 114.0, 55.1




Priklad 19

Exercise 029 (027)

1 00 | m/z Int rel m/z Int rel m/z Int rel.
-1 27.0 1.8 61.0 2.0 78.0 1.0
{ 370 21 62.0 4.0 87.0 1.0
i 38.0 3.3 63.0 8.8 88.0 1.7
; 39.0 8.7 64.0 3.6 89.0 21.2
| 40.0 1.0 65.0 4.0 90.0 40.8
l 50.0 6.9 74.0 21 91.0 7.5
-1 51.0 11.6 75.0 1.6 116.0 36.1
50 - d 52.0 1.8 76.0 14 117.0 100.0
| i 58.5 22 77.0 6.7 118.0 8.9
Liquid film
04 I O S I I W . P v v Pr——— wrvryrebrpva g gv!!l‘_ﬁ-uh‘.-:':%r]%-.,g,-': ‘li.ﬂrllguﬂl!-:,‘. -~,£!l%l§---u.-»_’»!§4| Lr prevprr ey v irepdl L';'v_-u;:m w :
4000 3000 2000 1500 1000 500 \ -
Wavenumber (cm™')
| | | | 1 13,
H NMR é 7 6 5 é > wi 0 5 (ppm) CRMN 140 1430 120 100 8D 6:0 4 20 90 5@pEpm)
60 MHz, CCly \ ' 1 i | } ; ‘ j | |
} ‘\ [ ( | ‘
| J | | | ‘ ‘ | ‘
o [ | | | DEPT | | ]
| 5 ' i 1 \ T ! i
| | | | | | 1
[ | | ! ' | | ‘
| I | | |
‘ | | | e |
1 ; i I Off Resonance | ‘ |
| w 1 = : | 1 1 |1 I | -
‘ \ ‘ | J . \ 1 Tl 5 J T \ ,
| 1 I | ‘ | | |
' { ‘ : 1
AL || ~ BroadBand | | |
l | | [ | l | | ] | -
| | _ | | | | | | | |
10 9 8 7 6 5 4 3 2 1 0 5(ppm) 220 200 180 160 140 120 100 80 60 40 20 0 & (ppm)

d (integration): 7.3 (5), 3.7 (2) o: 131, 130, 128, 127, 120, 25
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Exercise 035 (082)

100 m/z Int rel m/z Int rel. m/z Int rel
170 141 470 141 73.0 9.7
18.0 5.0 490 3.0 740 4.5
260 24 50.0 7.7 75.0 4.4
27.0 25 510 3.7 89.0 23
280 25 53.0 8.5 92.0 6.3
290 3.3 550 1.9 93.0 6.4
31.0 3.1 60.0 2.0 99.0 8.8
50 1 _ 320 3.6 61.0 7.4 1000 165
36.0 1.4 62.0 10.7 101.0 3.6
37.0 9.0 63.0 25.4 102.0 5.4
38.0 15.5 64.0 26.7 128.0 100.0
39.0 30.6 65.0 63.0 129.0 6.9
40.0 1 5 66.0 4.7 130.0 321
42.0 720 1.3 131.0 21
Liquid film 46.0 \
0 : - P prm—— pr——— pre—— 1| sib bl . debrrrde lll ll | l“ } “ l ll "
4000 3000 2000 1500 1000 500

Wavenumber (cm™)

13,
1HNMR 8 T 6 5 4 3 2 1 0 6(ppm) C NMR 160 140 120 100 80 60 40 20 0 5(ppm)
300 MHz, CDCl3
DEPT
Off Resonance l l
B A ' l Broad Band l \
10 9 8 ¥ 6 5 4 3 2 1 0 3 (ppm) 220 200 180 160 140 120 100 80 60 40 20 0 & (ppm)

O (integration): 7.1 (1) 6.9 (1), 6.8 (1),6.7 (1), 5.4 (1) O: 155.8, 135.0, 130.6, 121.5, 116.0, 113.9



Priklad 22

Exercise 036 (091)

100 m/z Int rel m/z Intrel m/z Int. rel
[ M 37.0 1.0 740 110 1020 14
380 14 750 119 1030 84
| 39.0 20 76.0 6.2 1035 1.0
49.0 1.2 770 124 1040 8.3
500 8.7 850 1.1 1220 1.0
510 7.4 86.0 2.7 125.0 2.2
520 1.1 870 38 1260 25.4
50 1 61.0 3.0 90.0 1.7 127.0 100.0
620 52 910 1.8 1280 122
63.0 200 98.0 45 206.0 99.2
635 116 99.0 37 207.0 117
640 1.6 1000 2.9 208.0 96.7
730 1.3 1010 9.3 209.0 107
Liquid film 1 l l Il‘
0 - —_— g d 1 ds ﬂ .
4000 3000 2000 1500 1000 500
Wavenumber (cm)
1 | ‘ 13¢ NMR 160 140 120 100 80 60 40 20 0
tL N0 8 1 6 5 4, 3 2 1 0 d(ppm N - 8 (ppm)
300 MHz, CDCl3
DEPT
|
Off Resonance
L Bro‘lad Band | j
‘ | 1 | | | : : — * ‘ - : ‘
10 9 8 7 6 5 4 3 2 1 0 8 (ppm) 220 200 180 160 140 120 100 80 60 40 20 0 3 (ppm)

) (integration): 8.19 (1), 7.73-7.70 (3), 7.51-7.44 (2), 7.21 (1)

O: 134.5, 131.9, 129.8, 128.2, 127.8, 127.2, 127.0, 126.6, 126.0, 122.8




Exercise 039 (087)

Priklad 23

100 m/z Int.rel m/z Int rel m/z Int rel m/z Int rel
180 1.2 540 | 1.7 700 1.9 96.0 2.3
270 1.1 58.0 | 1.2 710 13 97.0 129
280 23 60.0 | 1.6 80.0 26.9 98.0 6.7
37.0 14 61.5 | 1.9 81.0 125 99.0 26
380 2.4 62.0 | 1.8 820 1.3 108.0 3.1
390 5.5 625 | 3.4 840 1.9 1240 250
410 1.7 63.0 | 4.4 90.0 1.1 125.0 100.0
50 - 450 5.0 64.0 | 2.6 91.0 25 126.0 8.9
500 1.4 65.0 | 67 920 3.4 127.0 4.8
51.0 2.4 66.0 | 3.4 93.0 21.8
520 3.7 67.0 | 1.2 940 17
53.0 59 69.0 | 4.4 950 1.4
Liquid film L ‘
0 e - o e e e = NI NI 1O :hl |
4000 3000 2000 1500 1000 500
Wavenumber (cm™)
1 13C NMR 160 140 120 100 80 60 40 20 0
HNMR g8 716 5 4 3 2 1 05(ppm 8 (ppm)
300 MHz, CDCl3
DEPT
1711 ‘: 4
Off Resonance | | l , |
| | | )
'\ 5 LUL M Broad Band ‘ L
| I { ] | } = | i | |
10 9 8 7 6 5 4 3 9 1 0 6(ppm} 220 200 180 160 140 120 100 80 60 40 20 0 O (ppm)

& (integration): 7.3 (1), 7.0 (1), 6.6 (2), 3-4 (3)

d: 147.1, 134.7,128.9, 118.6, 115.1, 111.8




Priklad 24

Exercise 040 (070)

100 m/z Int rel. m/z Int. rel
. 140 1.3 410 117

V" 150 1.7 420 1.0

190 25 430 9.2

260 15 440 7.0
27.0 98 45.0 100.0

28.0 515 460 2.3

29.0 6.0 550 2.5

50 4 31.0 168 56.0 1.5
32.0 123 570 1.9
39.0 3.2 59.0 205

(- |
0 e e e e e e e e e e et PO ;Ll L ;l' L) bbbk .
4000 3000 2000 1500 1000 500

Wavenumber (cm™)

HNMR 8 7 6 5 4 3 2 1 0 6 (ppm) 13C NMR 160 140 120 100 80 60 40 20 0 3 (ppm)

300 MHz, CDCl3
DEPT | |

| |
: Off Resonance i I | ! ”I_
- LY | 11T T
o i i | |
| | | Broad Band |
T ] T 1 I I : : — . -+ ; - -
10 9 8 7 6 5 4 3 2 1 0 5(ppm) 220 200 180 160 140 120 100 80 60 40 20 0 & (ppm)

O (integration): 3.7 (1), 2.2 (1), 1.5 (2), 1.2 (3), 0.9 (3) 0: 69.2, 32.1,22.8, 10.0




Exercise 076 (064)

100

Priklad 25

100 m/z Int rel m/z Int. rel
= 270 541 93.0 6.4
i 280 1.5 1040 6.5
80 29.0 8.2 1050 7.9
- 390 24 1060 1.5
i 450 1.1 1210 56
50 50.0 4.7 1220 3.2
51.0 21 1320 1.5
520 1.0 149.0 100.0
ib 650 8.5 1500 12.6
A 66.0 2.2 1510 1.3
740 1.2 1760 8.1
‘ 1 750 14 177.0 274
‘ 20 | 760 7.9 178.0 6.1
; - 770 39 2220 3.3
0 Liquid film \ i oy
v 7 e e e : - 0}
4000 3000 2000 1500 1000 500 20 40 60 80 100 120 140 160 180 = 200 220
Wavenumber (cm™)
L . L 3C NMR 160 140 120 100 8D 60 40 20 )
HNMR 8 § 5 4 3 2 0 8 (ppm)  (ppm)
300 MHz, CDCl3 ” |
DEPT
Off Resonance | I | | IJ
J*\L . L AN
BroE BaE | |
| & | i
10 9 8 7 6 5 4 3 2 1 0 ﬁ(ppm) 220 200 180 160 140 120 100 80 60 40 20 0 O (ppm)

O (integration): 7.7 (1), 7.5 (1), 4.3 (2), 1.4 (3)

O: 168, 132, 131, 129, 62, 14
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Exercise 045 (008)

100 100 m/z Int rel m/z Int.rel
4 I 15.0 6.5 45.0 1.0
d 18.0 2.4 56.0 3.0
i 270 6.4 58.0 100.0
~ 280 5.6 50.0 3.7
F 29.0 8.3 72.0 15.1
! 30.0 19.0 86.0 4.0
i 410 1.7 87.0 1.2
50 4 | 420 66 100.0 5.9
1 43.0 27.6 1150 33.5
3 44.0 329 116.0 2.4
oo |
?,
ccl 1
'Y b IR RRERRRRNERES NI TN INE TR et - PR 1| | Y UM Y RN —
4000 3000 2000 1500 1000 500
Wavenumber (cm-)
1 ‘ | ! i 1 i [5G 12 2 y
H NMR 8 7 6 ? 4 3 > i 06 (oo} C NMR 1§o 110 20 1(?0 80 60 _To 20 0 5 (ppm)
300 MHz, CDCl3 | [ | 5 | | ‘
i ’ ! \ DEP‘f‘ ‘
\ i ‘ . | ] | | ! " T :
i | | | | ‘ |
ERAR | EERERY | I
: i 1 1 1 i i ‘ ‘ |
l ‘ } \ O;ﬁResofTance \‘ I : I ‘
1 \ ' ‘ ; ;
| ! | ; . 1 | : ! - ' —_—
|| R B | |
| kel 11 1] | ] |
[ [ I [ ! | Broad Band ‘ ‘ \ ‘
| \ ‘ | ’ | | | ‘
| | | | | | | | | { \ i { | | | { | |
| | | | \ | | i { | | | | i | ! | i i I
10 9 8§ 7 6 5 4 3 0 8 (ppm) 220 200 180 160 140 120 100 80 60 40 20 0 d(ppm)

O (integration): 3.3 (4), 2.1 (3), 1.2 (6) O: 169.6, 42.9, 40.0, 21.4, 14.2, 13.1
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Exercise 048 (032)

100 00 g m/z Int. rel. m/z Int rel.
270 24 920 21
4 39.0 54 930 27
0l 410 6.0 103.0 441
= 51.0 3.4 1040 3.0
| 575 25 1050 2.6
; 580 21 150 5.1
- 63.0 26 170 96
50 - 650 5.3 119.0  100.0
i 770 58 1200 10.0
- 780 2.0 1340 294
1 79.0 24 1350 3.3
1 91.0 17.9
Liquid film | I I
0 i . -3 = il - » o v ’ . . v . I T l peeeey 5l|| adl i lln “. :"I"‘-L: X Il‘! TITY) “u e ‘.“! I'L vTY Y ‘*12
4000 3000 2000 1500 1000 500 ‘ - 75 ‘
Wavenumber (cm™)
1 ; I 1 ] w [ I [ 13¢ NMR 160 140 120 100 8 0 0 0
HNMR 8 7 6 5 4 3 2 J} 0 & (ppm) q 4 S M IE B 9 5 (ppm)
300 MHz, CDCI3 [ ‘ ‘ [ :
. | DEPT | I I |
‘ ‘ Off Fesonpnce :
‘ ‘ Signals at 1 }
‘ 1 146.7 ppm | i
\ ‘ _ ‘ 1 134.8 ppm J | ' ‘ ‘ ;
| ‘ | ; T 130.0 ppm : - : - - ‘
' - : 125.6 ppm ' ‘ ‘ “

| |
1 | \L 125.5 ppm {
‘ - i \ ' i 124.6 ppm ‘ 1
HErEERNEE sropszns || | |||
| 1 l J : i l | ‘ : @ i \ [ 1 ;
10 9 8 7 6 5 4 3 2 1 0 & (ppm) 220 200 180 160 140 120 100 80 60 40 20 O &(ppm)

O (integration): 7.0-7.3 (4), 3.1 (1), 2.3 (3), 1.2 (6) O: 146.7, 134.8, 130.0, 125.6, 125.5, 124.6, 29, 22, 19




Priklad 28

Exercise 053 (042)

100 m/z Int rel m/z Int rel
150 1.2 570 3.7
18.0 1.1 73.0 157
260 1.9 740 91
27.0 125 750 19
28.0 10.1 100.0 4.8
290 298 101.0 100.0
300 1.2 1020 9.6
50 - 310 47 115.0 2.7
320 1.7 1280 16.9
420 18 129.0 69.4
430 39 130.0 5.0
450 7.8 1470 27
550 16.4 1740 11
56.0 8.7
Liquid film
0 - b - QL]. .h‘ J_ll “!l | a j I}
4000 3000 2000 1500 1000 500
Wavenumber (cm™)
1 3¢ NMR 160 140 120 100 80 60 40 20 0
HNMR 8 1 6 5 4 312 1 035(ppm 3 (ppm)
60 MHz, CCl4 |
peptr | | ] ‘
1 !
Off Resonance m || ‘l l
] | ] | 1 L 1 ! l
1 | T 1 | I | |
| | Broad Band | _ . . | .
| I | ! 1 : ] 1 | i | ] | 1 : |
10 9 8 7 6 5 4 3' 2 1 Oﬁ(ppm) 220 200 180 160 140 120 100 80 60 40 20 0 & (ppm)

O (integration): 4.1 (2), 2.6 (2), 1.2 (3) 0: 172.36, 60.67, 29.26, 14.24




Exercise 055 (048)

Priklad 29

100 100 miz int. rel m/z Int.rel
T LAY ™\ lakfial & AN 270 29 660 26
\ /H \ A A Ny : 5 2 026 27
\ ol SHiT R A 0 1s 230 44
L [ NEURINE R E 3 390 64 1080 15
W' ' | , 410 138 120.0 100.0
“ ”l | | s 450 15 121.0 114
50 4 l i 520 17 137.0 145
H [ ' 10'1 600 1.0 1380 1.2
e 63.0 27 150.0 1.4
640 24 1650 423
J 650 17.2 166.0 4.6
A
KBr disc J ' ‘ l |
{_] v LR I L] — p—— v M g j ‘! = - all = = L z, ,_l
4000 3000 2000 1500 1000 500 e i St il - i
Wavenumber (cm™)
*Hi NWR I’ 7 Is 5 ?i + —Jj % A 8ippm) 3C NUR 160 140 11_0 1q0 BF dID ? *’ ? & (ppm)
60 MHz, CCls T 1] [ | ] [ Py 4 | \
LU R U L T
| |
[ || ! BR
l | |1 1}
} j i |
0”“9“"[?"“ | 1l ;NI L
| ‘
' l‘
Brc-Ld Band l
| l 2 - iJI I 3 M
10 s 8 7 6 5 4 3 2 1 0 d(ppm 220 200 180 160 140 120 100 80 60 40 20 0 &(ppm)
d: (integratiion): 7.8 (2), 6.6 (2), 4.3 (2), 4.1 (2), 1.4 (3} 8: 1669, 151.4,131.6,119.6,113.7, 60.3, 144




Priklad 30

Exercise 059 (097)

100 ,J ! ! 100 m/z Int. rel m/z Int. rel
W\Ji'y ' ﬁ 390 1.4 1020 1.3
; A 500 1.2 1260 36
g 510 1.5 139.0 2.3
‘ = 630 1.9 1500 3.0
i 740 1.8 1510 6.1
. 750 1.7 1520 6.9
A 760 4.6 1750 1.3
50 4 { 770 1.2 1760 13.8
870 1.3 1770 941
40 880 1.8 178.0 100.0
: 89.0 4.3 1790 152
: 20‘ 98.0 1.1 180.0 1.0
0 ™ ii- .’ ‘ - ‘ !. & _ 0 ml/z
4000 1500 1000 500 25 50 75 100 125 150 175
Wavenumber (cm-)
THNMR 908 T 2 I O T O e T O D 3 (ppm) [ NMR 10 | 140 | 120 | 10 | 8 | 60 | 40 | 20 | 9 §(ppm)
300 MHz, CDCl3 ' ' ' ‘
DERT
Off Resonance 1 1
l ‘ I N 2 signals hjdd: |
: : 3 , wittih this ak: 128}3 a?afr::l 128.2 pprh.
| [ | | : i
: J,ﬂ i Bropd Band e | | |
| | | ‘ \ [ = . ‘ ' i ‘ |
10 9 8 7 6 5 4 3 2 1 0 a(ppm) 220 200 180 160 140 120 100 80 60 40 20 0 & (ppm)

O (integration): 7.5 (2), 7.3 (3) O: 131.59, 128.33, 128.26, 123.31, 89.43




Priklad 31

Exercise 061 (077)

100 100 m/z Int rel m/z Int rel m/z Int rel m/z Int rel
ﬂ 18.0 4.8 450 12.2 70.0 211 99.0 7.5
o 26.0 1.8 53.0 6.9 71.0 5.2 101.0 38
80 27.0 19.0 55.0 34.2 73.0 431 114.0 15.0
- 28.0 5.0 56.0 10.5 74.0 2.7 115.0 55.9
290 146 57.0 | 42.2 81.0 21 116.0 58
60 31.0 3.9 58.0 2.3 83.0 3.6 127.0 3.3
39.0 , 16.0 59.0 9.2 87.0 3.5 142.0 6.8
40.0 28 60.0 11.2 88.0 20.2 143.0 1.3

41.0 57.8 67.0 27 96.0 2.0

97.0 88.0

98.0 7.0

| |
| |
KBr disc ' d ’

L]

0 3 - - > —
4000 3000 2000 1500 1000 500 25 50 75 100 125 150 175
Wavenumber (cm™)

; 13 2 0

HNMR ; ) : ) 3 ) & 5 (ppm) C NMR 160 140 120 100 8 g0 40 20 ) 5 (ppm)
90 MHz, CDCl3

DEPT
Off Resonance
11.9 ppm ‘.l
L_J,._ Broad Band
| | |

10 9 8 7 6 5 4 3 2 1 0 S(ppm) 220 200 180 160 140 120 100 80 60 40 20 0 & (ppm)
O (integration): 11.9 (1), 2.4 (1), 1.9 (1), 1.2 (3) O: 184.2, 180.0, 41.4, 34.8, 30.1, 24.8



Priklad 32

Exercise 065 (074)

100

i miz Int rel m/iz Int rel miz Int rel
,\‘\f\ W“V‘—m M‘ m 'p qm’\,\(\l 180 1.4 560 1.4 81.0 13
\Fd ! . rl (11 | { 1 280 5.4 570 88 820 13
Wt | N
\ [ AL nilEn 1t [ 1Y 300 129 610 24 83.0 225
i L At i ] 31.0 3.0 620 2.2 840 15
! } Al LI L | 370 27 63.0 27 920 1.2
| I' 5 I [ I 380 2.5 680 54 93.0 1.9
l ) | 390 24 69.0 9.8 940 59
50 4 | 450 14 730 1.7 95.0 100.0
490 17 740 8.4 96.0 6.7
50.0 123 75.0 55.1 111.0  30.1
510 69 760 4.6 1120 1.9
1250 39
1410 86.0
| | 1420 6.1
Liquid fiim | ey |
0 " SERREE — 1P I P I T A | P i
4000 3000 26G0 1568 1588 Eon
Wavenumber (cm™)
H NMR = ) - T3C NMR 160 140 120 100 80 o0 42 28 2 §iiom
LN 6 14 3 2 1 0 3 (ppm) | | spectrometer 25.16 Mz | O ppm}
300 MHz, CDCl3 i i
| |
“ DEPT l [
| | I
| |
| Ll
1
l
t Off Resonance
i L ! ! i ! !
| | 1 I |
|
[V ;i
J N UJ k ' L Broad Band | | 5
— N pr e e A

10 9 3 7 6 5 4 3 2 1 0 S (ppm) 220 200 180 160 140 120 100 80 60 40 20 0 &(ppm)
S (integration): 8.3 (1), (7.2 (1) d: 171.57, 161.34, 144.60, 126.66, 126.26, 117.02, 116.07



Exercise 075 (059)

100

Priklad 33

100 m/z Int rel. m/z Int rel
= 270 18 770 341
J 28.0 37 780 1.4
80 30.0 6.5 79.0 3.1
= 300 29 89.0 1.7
] 410 3.0 91.0 100.0
- 420 15 920 8.4
- 43.0 23 1040 1.4
50+ ) 51.0 2.1 1060 4.2
i 580 1.7 1320 1.6
- 63.0 1.2 1340 417
650 8.4 1350 4.4
N 67.0 22 1480 1.8
20 ] 720 241 149.0 2.3
0 Liquid film
4000 3000 2000 1500 500
Wavenumber (cm-)
1 I 3¢ NMR 160 140 120 100 8 60 0 ]
H NMR + 7 , y é 5 (pom) 1 21 d o 6 fﬁ 20 9 §(ppm)
60 MHz, CCl4 | . ' } ' |
| ! DEF‘T
i : | | |
' : L i I |
| |
|
| ‘ ‘
Off Resonance ‘ Ii i ||JL
| : ! h - |
[ \ |
1
| | |
! Broad Band | H | |
" . a 2 r a ' .
il OF ? | J l ! | |
1 1 | . 1 1 1]
10 9 8 7 6 5 4 3 || 0 6(ppm) 220 200 180 160 140 120 100 80 60 40 20 0 & (ppm)

d (integration): 7.3 (5), 3.8 (2), 2.8 (1), 1.25 - 1.1 (7)

O: 142, 128.3, 128.0, 126, 51, 48, 23




Priklad 34

100 100 m/z Int.rel. wm/z Int. rel
-1 140 1.3 420 49
J 150 6.2 430 100.0
. 180 21 40 27
- 260 14 450 147
270 65 610 149
. 280 25 700 99
" 290 137 73.0 47
50 - 310 1.0 88.0 5.1
Liquid film u . |
0 - E i g 4 S ¥ . - e YT ll'. o v l l..".,“..,....;.........!..!v,"n."-.,"!:.‘ :
4000 3000 2000 1500 1000 500 w20 30 al 50 60 70 80
Wavenumber (cm™)
T 6
60 MHz, CCly [ ‘
: | ! . DEPT 1
{ |
|
|

) # > | ‘S(i)pm) 3C NMR 160 140 120 100 8 60 40 20 T5(ppm)
|
|
i

I

J Broad Band |

i i
i } | %l

% 9 8 7 6 5 4 3 2 1 0 08(ppm) 220 200 180 160 140 120 100 80 60 40 20 O O(ppm)
0 (integration): 4.12 (2), 2.04 (3), 1.26 (3) o: 171.1, 60.4, 21.0, 14.3




Priklad 35

100 100 m/z Int rel m/z Int rel.
J 27.0 1 61.0 1
- 37.0 1 62.0 3
= 38.0 2 63.0 7
J 390 10 64.0 1
- 40.0 1 650 12
- 41.0 1 66.0 1
] 45.0 1 77.0 1
50 n" 46.0 1 89.0 4
e 50.0 4 90.0 2
51.0 6 91.0 100
52.0 1 920 77
20 | 93.0 5
o | Liauid im B SR B— '!I:' I P .,"!',lf., n—— T ||
v ey B " v . 10 20 30 40 50 60 { 30 90
4000 3000 2000 1500 1000 500 e
Wavenumber (cm™)
1 i | | 13C NMR 160 140 120 100 8 0 0 0
HNMR y ] 5 4 ) % S(ppm) ‘T % r ‘1 4 T S (ppm)
60 MHz, CCls }
DEPT l | !

0# Resa nancJ F [L

Broad Band
J kg J ) -

09 8 7 6 5 4 3 2 1 0 0(ppm) 220 200 180 160 140 120 100 80 60 40 20 0 B (ppm)
d (integration): 7.2 (5), 2.4 (3). 0: 137.8,129.1, 128.3, 125.4, 21.4



Priklad 36

1 00 | m/z Int rel m/z Int rel m/z Int rel.
-1 27.0 1.8 61.0 2.0 78.0 1.0
{ 370 21 62.0 4.0 87.0 1.0
i 38.0 3.3 63.0 8.8 88.0 1.7
; 39.0 8.7 64.0 3.6 89.0 21.2
| 40.0 1.0 65.0 4.0 90.0 40.8
l 50.0 6.9 74.0 21 91.0 7.5
51.0 11.6 75.0 1.6 116.0 36.1
50 - 52.0 1.8 76.0 14 117.0 100.0
58.5 22 77.0 6.7 118.0 8.9
Liquid film
0 2 CE VAT S N -~ B v yred \',l»’ e g'«!!l‘ﬁ-uh‘.-:':‘q;]%-.,g,-': ‘\lq.Afll!lE“ -u';!lilﬁvns.-a!»’,ﬂl Lr grevvpvrrrTev e l-;- 18
4000 3000 2000 1500 1000 500 ‘ -
Wavenumber (cm™')
| | | | | 13
1H NMR é 7[ 6 5 é 2 0 6 (ppm) C RMN 160 1430 120 1q0 Sp 6:0 40 #0 0 S (ppm)
60 MHz, CCls \ ' w i ‘ ; ‘ | |
1 } ‘\ [ [ | ‘
; ‘ J | ; | ‘ ‘ [ ‘
| R | DEPT .
j ‘ ; | | < ! 1 T ; i
| | f ! ! | | ‘
‘ \ ‘ ! - ‘
| | | | e | |
| i i I Off Resonance | \ ‘
‘ ‘ ; i | 4 | | . [ | | 1 |
L 1 1] | I | T T T T Tl
| | | | i 1] | ] |
‘ | \ ‘ ; |
AL || ~ BroadBand | | |
l | | [ | l | | ] | -
| | _ | | | | | | | |
10 9 8 7 6 5 4 3 2 0 5(ppm) 220 200 180 160 140 120 100 80 60 40 20 0 & (ppm)

0 (integration): 7.3 (5), 3.7 (2)

o: 131, 130, 128, 127, 120, 25




