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Phé Khoi Lwong
Mass Spectrometry

> V&i cac phwong phap phd IR, UV, NMR, phan tl dwoc git
nguyén dé nghién ctu, con trong phwong phap khdi phd

nguwdi ta lai “ ban pha” phan t&r dé nghién ctru chuing.

> MS la phwong phap xac dinh phan t& lwong ctia mot chat.
Phwong phap phan tich nguyén td chi cho biét ty 1& gitra cac
nguyén t& trong phan t& va cé sai sb I&n, trong khi MS cho

biét chinh xac trong lwong phan tl dwa vao sw phan manh.



l. Nguyén Tac Chung

= Chuyén chat nghién ctru thanh thé khi & ap suét thap va nhiét
doé thich hop.

= Tao ra cac ion tr phan tor khi nay.

= Phan tach cac ion nay va ghi lai tin hiéu theo ty s6 M
Z



|.1. Nguyén Ly Hoat Dong
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V&i khoi phd don gidn s&¥ dung nam cham tir, cac phan tl hivu
co & thé hoi (p < 107 mm Hg) chiu tac dung cia sw ban pha
cla chum e~ ¢6 nang lwong cao ~ 70 eV, phan tlr hda chat b

ion hda mat di 1 e~ dé cho ra ion phan t& M+ (Molecular lon).

M & Mt + 2e

lon phan ti tiép tuc bj cat doan dé cho ra mét cap phan doan:

m" + m,
M

m* t My

Qua trinh c thé tiép tuc dé cho ra nhirng doan ion dwong nhd hon



» Céc ion dwong nay dwoc tang toc bang mot dién trwdng
va sau do duwoc dwa vao mét tir triwo'ng. Tai day, cac ion
dwoc tach ra theo thu tw %

m: khdi lwong cla doan ion

z: dién tich cua ion (théng thwdng z = 1)

> C4c ion néu trén lan lwot dwoc dwa vao bd do tao ra dong
dién dwoc khuéch dai hda va dwoc ghi nhan trén may ghi
dwdi dang mot gian dod goi 1a khoi phd. Trong doé, truc hoanh
biéu dién cac tri sO % truc tung ghi cwdng dd ctia mai loai

ion M.
Z
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l.2. Phwong Trinh Co’ Ban Pé Tach lon
Sau khi ion dwong ra khéi dién trwdng, nd sé co van toc v xac
dinh b&i hé thire:

Z: Dién tich cbaion m
1 V2 5 27U ,
Py = ZU — V= — (1) U: Hiéu dién thé tao ra
tw treo'ng

Tw trwong U tao trén ion dwong moét lvc hwong tam la: Z H v

(H: cwdng d0 cla ti trwdng). lon dwong chuyén déng trén quy

x £ N A p . . . . 2
dao tron c6 ban kinh r véi lwc ly tam la: MV
r

< Diéu kién can bang: Lwc ly tdm = Lwc hwdng tdm



2 ZHT
mv ZHvV —> V

(2)

Z2 H? r2 272U
m? m

Sosanh () va(2) —

m H2 r?
V4 2 U

Hé thire trén dwoc thiét 1ap voi diéu kién: tat ca cac ion cung
loai m/z déu co clng ddong nang (cung v). Nhwng thuc té

chiing khéng c6 van toc gidbng nhau méac du c6 cuing m/z



— Khdi phd sé& c6 nhirng miii khac nhau nhwng twong ng voi

cung mot tri sé m/z
—> P06 phan giai cua may giam

< P& hiéu chinh van dé cac ion cé cung m/z nhwng dén tu
trwdng khdong cé cung déng nang thi phai str dung thEm mot
dién trwong the hai dat githa dién trwong the nhat va tw
trwdng. May khdi phd dwoc cau tao nhuw thé dwoc goi 1a may

khdi phd nhi tiéu (double focusing mass spectrometer)
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Trwdc khi vao tr trwdng, cac ion phai chiu tac dung thém
ciia mot dién trwdng cong E. Nhw thé tai tir trwdng, cac ion
c6 cung ddng nang va co6 cac tri sd m/z khac nhau sé dwoc

tach ra theo tri s6 m/z.

—>  M@i tri s6 m/z chi ghi mét mai duy nhat

—>  Khdi phd thu dwoc sé chinh xac hon
—>  Khdi phd nhi tiéu c6 dd phan giai kha cao

11



1.3. D6 Phan Giai
> Gid st cO 2 mii cach nhau mot khoi lwong 1a Am, va
cwdng dd twong ddi xem nhw bang nhau va ching chap 1én
nhau mdt phan twong rng véi bé cao cla phan chap la

h/10 (h: chiéu cao cta mii)

—| Lm e

» D06 phan giai R xac dinh béi:

m
Am
Gia sr m = 1000 vaAmilal
don vi khéi lwong

1000

R = = 1000
1

R =




Ta néi dd phan giai cua may la 1000 xac dinh & thung IGing 10%

= R=100-1000: May khdi phd cé dd phan giai thap

= R = 1000 — 10000: May khdi phd cé do phan gidi trung binh

= R ~ vai chuc ngan: May khoi phd cé dé phan giai cao
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Relative Intensity / %o
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Il. Cac Loai lon
I1.1. lon phan tw (Molecular ion)
> Phan t& héa chat c6 phan t& khdi M dwéi tac dung ban
phéa clia chum tia dién tt, phan t&r M mat di 1 e- dé tao ion
phan to» M
M — M™* + 2e

> V&i may khdi phd c6 dd phan gidi cao, ion phan t& dwoc
tinh kha chinh xac dén sb 1& the 3, 4. T d6 c6 thé suy ra

cdng thirc phan tlr ciia hop chat cd phan tir khoi M.

16



V] 70 eV : M+ 2

> Dw&i tAc dung ban pha cta chum e ~ 70 eV, khéng phai
phan t& nao cling cho ion phan t& bén, khoang > 20% phan
t&r hop chat hiru co bi phan hiy kha nhanh trong may, do do
hodc khéng thay mi ion phan t& hodc thay véi cwdng dod
thap.

> Trong hda hoc hivru co, nguwdi ta van chap nhan cd 1 su
ion hda chon loc nao dé trong phan t&r dé giai thich nhirng
doan ion tao thanh twr sw diet ndi ctia ion M™*, va dwa trén cac
doan ion nay co thé tai thiét |ap cau tric ban dau cta phan

ter.
17



> lon phan t ton tai nhiéu nhat trong trwdng hop: cac amin
thom, nitrin thom, cac iodur, florur thom vé&i diéu kién day

nhanh clia nhan thom cé s6 carbon khéng I&n hon 2.

> Nhirng hop chat co nhiéu day nhanh thwérng cho mii ion
phan tl& c6 cwdng do rat yéu, do sw diet cac nhanh & budng

lon hoa.

> Cac hop chat nhu ceton thom cling kho git ion phan t vi

X a1 X . n A 2 . A +
dé dang mat di mét phan dé tao ion bén: Ar—c=o

18



> Cac hop chat alcol nhat |14 alcol day dai cling rat dé mat

phan tlr H,O dé cho ra ion M-18.

ummmp Ph3i hét sirc than trong trong viéc xac dinh ion phan to
Lwu y:

Ngoai ion phan t&r con c6 nhirng ion I&n hon: M+1, M+2, .... do

sw hién dién cac déng vi khac nhau trong phan tur.
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Nguyén to Cac dong vi |Céac dong vi

thwong gap | khac (%)

(%)
Carbon 12C (98,9) 13C (1,1)
Hidrogen 1H (99,985) [?H (0,0015)
Nitrogen 14N (99,64) |>N (0,36)
Oxigen 160 (99,8) |70 (0,04) |80 (0,2)
Fluor 19F  (100)
Silic 28Sj (92,2) 29Si (4,7) 30Si (3,1)
Phosphor 31p - (100)
Sulfur 325 (95,0) 3S  (0,76) [34S (4,2
Clor 35Cl (75,8) 31Cl (24,2)
Brom PBr (50,5) 81Br (49,5)
lod 1271 (100)

20




> Do cac dong vi nay co ty 1& nhd nén cac peak M+1, M+2,...

c6 cwong dd kha nho so véi peak M.

> Ngoai |&: Brom c6 2 ddng vi chiém ty I& gan bang nhau
trong tw nhién vi thé trong trwdng hop cé Brom thi sé& xuat
hién trén phd do 2 peak M va M+2 cé cuwdng dd gan bang

nhau.
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1.2. lon gia bén (Metastable ion)

> C4c ion phan tlr c6 ndi nang Ién (hang s6 van toc phan hay k
> 10%/s) sé phan thanh nhirng doan ion nhé hon ngay trong
budng ion héa.

> Cac ion phan t& c6 ndi ndng nhd (k < 10-5/s) sé ton tai dwdi
dang ion phan t& M™*

» Nhirng ion phan t&r c6 gia tri ndi nang & khoang gitra 2 gia tri
nay trong qua trinh di chuyén sé tao thanh ion gia bén & vung

khdng gian t ctra ra ciia budng ion hoa dén ving coé tir tredng.

24
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M™* . At + B’

Khoi lwong m, m, m; -m,
> lon M™* c6 nang lwong chuyén hda eV sau khi ra khai dién
trdng néu nd phan manh thi ndng lwong nay sé dwoc san sé
cho cac manh A* va B’
> Do d6 nang lwong chuyén hoa cua A* la: m,eV/m,.
Gia tri ndy thap hon so v&i nang lwong ma ion A+ dwoc tao
thanh binh thwéng trong budng ion hoa.
> LUc nay ion A* dwoc may khoi phd ghi nhan khdng phai tai

gia tri m, ma tai gia tri m*<m,, v&i m*=m,?/m,

26



< lon gia bén thwdng cho mii rdng, va cwdng dd rat thap.

% Do ion gia bén c6 thé co phan tlr khoi la mét sb 1é nén viéc

xac nhan twong doi dé dang.

% lon gid bén cung cap théng tin quan trong vé mét qua trinh

phan manh dac trwng nao dé cua phan tu.

27



( CeHsCO[" o C,5H5]+ + CO 15
105 77 28
24 PR ... S
56.5
AN L A
50 60 70 80 Mz g 100 110

Metastable ion peak. Theoretical aspect of the three peaks constituting the
metastable transition given as an example. For the fragmentation m/z = 105 — m/z =77 a
metastable ion peak at m/z="56.7 is observed (calcd. 56.5).
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partial spectrum

P Me —43 -28
Jie N 100 | | 180 =il 487 == {0
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Metastable ions peaks observed with theobromine. The molecular ion of theo-
bromine (180 Da) gives rise to an ion of mass 137 Da through loss of a CONH|* radical (43 Da).
This fragmentation is accompanied by a diffuse peak at 104.3 Da. Furthermore, loss of CO (28)
from the daughter ion m/z =137 yields a second metastable ion peak which appears at mass

86.7 (reproduced courtesv of Kratos).
29



11.3. Cac qui tac phan manh: (Pho bién nhat trong ky thuat El)
11.3.1.Qui tac 1:
> Néu phan t& c6 dién tlr khong ndi thi dién t& nay sé bi mat

trdc.

R—.O.—H - R—O—H (M)
e H o+ _H
7~ N
RN - RN

30



> Trwong hop cd nhiéu dién ti khéng ndi thi ion an dinh nhat

sé sinh ra nhiéu nhat.

o+
oo NH 1
s~ N2 (Chinh)

. NH
HO™ >

o+ NH
HO™ >

> Trong phan t& cé ndi ddi, ndi ba thi dién tl = bi mat trwdc

dién tr o

31



11.3.2. Qui tac 2: (Qui tac vé sb chan dién ti: Even ElectronRule)
» Su phan huy ion phan t&r hoac ion manh ludn tao ra mét ion
dwong va mét tiéu phan trung hoa. Tire 1a khdng thé cho 1 gbc

tw do va 1 ion dwong goc tw do.

A* VAR Bt + C
Chan Lé Lé
At > Bt + C
Chan Chan Chan
A+ > B+ + C

Lé Lé Chan

32



> Trong mot sb trwdng hop ion gbc tw do ciing co thé cho ra mot

ion va mot goc ty do

A+ . B+ + C
L& Chan Le




\ / C:O+ —> CgHs

Chan

Chan

_|_
CgHs —— C4H; +

Chan

Chan

+ CO

Chan

HC=CH
Chan

34



11.3.3. Qui tac 3:
> Sy dut ndi cd khuynh hwéng tao ra ion dwong bén.

ot n
—> CH,=CH—CH, + R

[ CH,=CH—CH,-R

- Qe+

+ o

lontropilium



> Sy dit ndi cé khuynh hwéng tao goc tw do day dai

4 + °
UM CH,c=0 + CHs—(CHg),—CH,

]
CHg_C_(CHz)g_CHg_

+ o
— > CH3_(CH3)3_CEO + CH3

— \ / C:O+ + CHs

lon bén hon

+ °
— > CH3CEO + C6H5

lon it bén hon 36



11.4. Mot s6 cach duirt noi:

> Dt mot ndi o

{ —(C\\} e +  "Ceem

_I_
[CH2=CH—CH2-R ——> CH,=CH—CH, + R

Tai di nguyén tw

37



Tai Carbon o mang nhom chirc —OH, -NH,, ceton, aldehid,...

s
[ clc-z } C=Z* +  «=C

38



> Dt nhiéu ndi khdng kém theo chuyén vi

o |+ _ e+

> DUt nhiéu ndi kém theo chuyén vi

i
[----HC—C—Z---- —  + —-C=C* + HZ

= (
— o
AN

39



> Hoi Diels-Alder (Retro Diels — Alder)
B 1ot o+

(=)0

> Chuyén vi Mc Lafferty (Mc Lafferty rearrangement)

o+ H H
A L S
T |
Y_C \\/CHZ Y_C
"\ \(:H2 CH2

CH,

Y=H, R, OH, OR, NR,

% Trong chuyén vi Mc Lafferty, phai cé 1 hidrogen & vij tri y

dbi voi 1 carbonyl hodc ndi kép. 10



l1l. Khoi phé El ciia mét s6 hop chat:
I11.1. Alkan
> Ghi nhan dwoc nhirng mii ion day ngan
> Cwdng dd cua ion phan tl gidm dan va mat han véi day
cang dai
» Cac ion co cwong do manh thwong gap:
C,Hs" (29);  CgH;* (43);  C,uHg" (57)
CsHy 7 (71);  CgHys™ (89)
—> Cac hydrocarbon day thang bao hoa rat dé& nhan biét tw
cac ion day ngan cung loai C H,,..,* cach nhau 14 don vi

khoi lwong.
41



Relative abundance

CH,(CH,),CH,
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» FIGURE 7.6 Mass spectrum of octane.
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Relative Intensity / %o
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V¢éi nhirng hydrocarbon day nhanh

> Khuynh hwéng dit ndi &@ day nhanh cho goc tw do twong
(’ng v&i day nhanh dai nhat.

> Cang nhiéu day nhanh thi ion phan tl c6 cwérng do cang
yéu.

> S hinh thanh carbocation tam cap dé& dang hon so voi

nhi cap va nhat cap.

45
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Relative abundance

100 —
43
\’
80— CH,
]
EH:"—EH—‘—CH;’
60 — M.W. = 58
40—
20—
M(58)
r T “' T . 1 = 1
1 5 10 15 20 25 30 as 40 45 50 55 &0

» FIGURE 7.7 Mass spectrum of isobutane.
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RELATIVE INTENSTY
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Cycloalcan

> Cac cycloalkan khdng qua nhiéu day nhanh va day nhanh
ngan, co thé thay dwoc ion phan t.

> Néu c6 day nhanh, qua trinh phan manh bat dau & vi tri
mang nhanh cho ion cé dién tich dwong trén vong, ké dén 1a

sy mat nhom C,H,

49



Cyclo Alkane

+
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00—
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FIGURE 2.6 (¢). Cyclohexane.
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111.2.Alken
> Sy dit ndi thworng xay ra & vi tri o d6i voi ndi déi dé tao
ra cation alyl

o+
: +
R'—CH=CH—CH,"R| — R—CH=CH—CH, + R
Cation alyl

> Trong trwérng hop co hydrogen y doi véi ndi déi, thi
chuyén vi Mc Lafferty ciing co thé xay ra.
» Cac ion co6 cwong do6 manh thuwong gap

CHs" (41); C,Hg™  (595)

CsHy™ (69);  CgHypp" (83)
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RELATIVE INTEMSITY

Alkenes
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.m V\/\ Bt vV N

CH, —CH —CH +-Et __,|*CH, CH—CH «- CH, —CH —CH*

‘ \ -29

Me Et I\‘/Ie Et I\‘/Ie

M** =112 m/z = 83
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Alkenes

Facile Migration of Double Bond
=> Difficult to localize Double Bond

Allylic Cleavage
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FIGURE 2.7. pB-Myrcene.
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Cycloalken

- Hoi Diels-Alder (Retro Diels — Alder)

CH,

CH,
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l1.3. Hydrocarbon thom
» Trwedng hop nay ion phan t thwdng c6é cwdng dé kha Ién

> V&i alkylbenzen thworng xay ra sw dit ndi oo @ day nhanh

dé tao ra ion Tropilium bén

- 1ot
+ 0

_I_
lon Tropilium — GCgHs  + HC=CH
m/z = 65
m/z =91 57
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M (106)
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> Chuyén vi Mc Lafferty cling c6 thé xay ra néu co6 hydrogen y

o+

} o, _
C. _R
EH
"\ _CH_
H R

| CoHsCHs

+ +
CgHsCHy —— . — > CsHg + HC=CH
91

Vs

o+

L

H
92

+
— > C6H5CH2

o+

+ RHC=—CHR'

+ H
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I11.4 Alcol va Phenol

111.4.1 Alcol
> Mi ion phan t& cda alcol day ngén nhat va nhj cap
cho cuwdng dd nhd va day cang dai thi gan nhw khdng thay
mi ion phan t& ma chi thay mi ion M-18 do sw khir H,O.
> Cac alcol tam cap thweng khdng ghi nhan dwoc mii
ion phan tu.
> Cac alcol nhat cap day ngén thuwong xay ra diet ndi & B

dé choraionm/z = 31
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()

(CH2)3ECH2;OH

H3C_

o+

o +
—> H3C_(CH2)2_CH2 + CHZZOH

m/z = 31

> V@i alcol nhat cap day dai co thé xuét hién ion M-1, M-3,
M'18 hOéC M'HzO'C2H4

[R—CHZ—OH

o+

H,C") ) (H

HZC\/\ CH R
CHy

4
H
M-1
o+
H

+
—> R—C=0OH —> R—C=0 + H,

M-3

ot
+ Hzo + H2C:CH2
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> Alcol nhi va tam cap sé co khuynh hudng dirt ndi dé phong

thich goc alkyl ndo dai nhat.

R CH,

c
N
OH

g
R &ff CH,
OH

o+

_>R'

o1

_|_
CHg_CH:OH

_|_
CHg_(l:_—OH
CHj
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¢ of Base Peak

100 —

I

y

M = (Hy0 and CHg == CHy)

1-Pentanol |MW 88

[
CHS(CHQ)Q‘II— CH,0H

|
=

M ~ (H,0 and CH3)

[M - Hy(

/

Y/M-l

|
T

40

i
| HITTHH[HH ﬂTT[HHiHII[IIH]IHI]]TT]]HH]IIHII‘IH]]]HIUH]TIHVHIHHI[FHI[UIHt

60 70 80 90
mjz
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% of Base Peak

100 —

M "(HQO and

2 e

2-Pentanol MW &3

S '|

CHyCHyCHy - CH — CH,
I

‘I OH
45
L

M- (Ho0+CHy)

? M-H,0

| /M CH, /

0- funi H'IIHI

20

30 40

lIHl!H IH[T [RRLA| ””l”TIIHHPT |H[IIII[[IUIHH[HH]IHT]HHWH[HHIFTTI[HTI]!I]TUIH]

80 90
m/z
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% of Base Peak

2-Mathyl-2-butanol MW 88

100 |
Hy

|
Cﬂgcﬂz-:-(f - CHj;

o

|

M~CHj 9

50 - WL
M- (0 and and CHy)
40 - CH;;K»‘CH?)\ \

::' M-Hy0
10— ;
TTII?!lIIi] !ITTTT[TFT]

20 30 4 50 60 70 8 90

mjz

i

}HII[HHTH ]U”TFTHIlr”|”IIIIIIT[””|TTHI””I”|TUTTT[H|T|HIT]II[I|H{|ITTH‘]

=
!
= 1
——f—
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M - (H20 and CHa=CHz)

I-FPentamnad MW ES

RO = :
S0 — CH3(CH )3 — CHOH
I
30 CHzOH Pan
e o ——
. 70 — e fu (MO and CH2)
£ &0 —
i 50 — M - H O
= 40 — "(
# m —
20 —
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o 1 il Ll H
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FIGURE 2.9. lsomeric pentanols.
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Relative Abundance
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» Alcol Aryl

CH,~ OH — QCH OH +
m/z = 108
+
-co H -C,H -
51

79 77
l Hydroxytroplllum

_+_
CsHs  + HC=CH
65
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CH,OH
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o A 77
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111.4.2 Phenol
» Cac phenol thwdng cho mii ion phan t& kha ré.
> Thwong xay ra sw dit ndi kém theo phong thich CO (M-
28) va mat goc formyl (HCO") cho miii M-29 rat dac trung.

OH e+ -0 Je+ ] _

o+
Hi _co H°
H

M - 28 M - 29
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» Phenol mang day nhanh c6 thé dit ndi dé tao ra ion

hydroxytropilium

OH

CHZ_R

ot

m/z = 107

79

74



Relative Abundance

M (108)
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% of Base Peck
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RELATIVE INTENSITY
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CH,—C
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111.5 Eter
[11.5.1 Eter chi phwong va Cetal

> C4ac eter cho miii ion phan tl vé&i cwdng dd yéu
Cac miui dac trwng: m/z = 31, 45, 59, 73, 87, ....
M-31, M-45, M-59

> Sy dit ndi cha yéu tai B ciia Oxygen wu tién phia cho ra

goc ty do dai nhat

(g

_I_
_CHZ_O_CHg —> CHZZO_CHg + R

78



> Trong mét s trwdng hop con cod sy dirt ndi kém theo chuyén

vi & vi tri g dan dén phéng thich mét alcen

e o, R
H>CH, CH,
CH—+OH
|
CH,

i’z 45
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RELATIVE INTENSITY
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S0 =4
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% of Base Peak
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Reiative Abundance
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» Cetal va acetal cling phadn manh twong tu eter

- H 7o+ - T+
R-Ir—“C:_Z_-ﬂi—OR — R_$_OR'
. OR' | - OR
[11.5.2 Eter thom

o+

01CH3

m/z
108

N

o+

/8

93

1+

C—OR’
OR'
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1.6 Cac hop chat carbonyl

Nguyén tac chung:

> Sw dirt ndi o
e X+
I X\ 1Kk — X
C=0
Y _ BRSNS

YCO
YCO"

XCO

XCO
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> Néu co Ar-CO-Y thi dit ndi chi yéu dé cho ra Ar-C=0*

.+ . + ®
: O = Y—C:O + AI‘

|
Ar—C—Y

_I_
» Ar—C=0 + Y

Uu tién
\ )

Ar
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> Sw dit ndi C-C ké can carbonyl ciing c6 thé xay ra

N o+ -R° + (o
/(;O — R CcC=0 R'—C=0
I/ ° o o
R
N o+ _p'°® + +
Yo R~ RrR—c=£o R—C=0
7

o+ H H
+ |
Y— C\ ,CHZ Y—C CH,



111.6.1 Aldehid

> Aldehid chi phwong cho mii phan t& yéu
Cac mii co ban:
m/z = 29, 44, 58, 72, ...
M-18 (-H,0), M-28 (-C,H,),
M-43 (- CH,=CH-O"), M-44 (- CH,=CH-OH)

» Aldehid thom cho ion phan t& c6 cuwdng dé I&n
Cac mii co ban:
m/z=77,51

M-1 (-H), M-29 (-CHO)
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111.6.2 Ceton
» Ceton chi phwong cho mii phan t&r kha rd
Cac mii co ban:
m/z = 43, 58, 72, 83, 86, ...
M-15, M-29, M-43

» Ceton thom cho ion phan t& cé cwong dé I&n

Cac mii co ban:

m/z = 105, 77, ....
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Relative Abundance
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% of Base Peak

Nonanal
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Relative Abundance
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TR R

72

CHJ—C—"CH2CH3
M.W.

M (72)

43

sad ll |
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Relative Abundance

43

100
O
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595

M (98).

70
1
|
70

42

N

= 98

M.W.

a

100

I I

o o
w w

80UBpPUNQY dAIIB|3Y

40 —

20 —

mle
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g 1
2 |||
CHZ
iy + C2H4
A 3 CHZ
m/e =98 m/e = 98
* CH,CH,CH, + CO
m/e =42
o* 0 o~
o I I
C H  _C ; /C
CHz CH3 L CH + C3H7
H ‘ D I
: 2
m/e =98 m/e =98 m/e =55
O+
| - |
H C C=0+

’ CH
\E‘\/' 3—-» +CH3'
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% of Base Peak

100 =

90
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70 —

60~

50 =

40 —

30

20—

10 ~

50 60

+
CeHs

p-Chlorobenzophenone

216(M)  100.00

+ 217(M+))  19.28
c1<0-C=0 218(M+2) 33.99
N9(M+3) 621
220(M+4) 0.98

+
Cl<0) —M

M+]
~M+2

M+3
(- M+4

]
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mjz
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111.7 Acid carboxylic va dan xuat
11.7.1 Acid

» Cac acid chi phwong thwérng cho mii phan tl yéu. Sw
dit ndi a, B va chuyén vi Mc Lafferty cling xay ra khi c6 Hy
Cac mii co ban: R*, COOH*, RCO*
m/z = 45, 60, ...
M-17 (- OH), M-45 (- CO,H)

» Acid thom cho ion phan t& cé cwdng dé I1on
Cac mii co ban: Ar*, ArCO*
M-17 (- OH), M-45 (- CO,H), M-18 (- H,O)
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M(74)

57

= 74
45

i
CHJCHQ'—'C_OH
M.W.,

29

45
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H R H H R

5 'L\CH/ o~ \C/

g /\\CIH o (I: ° gH
gt oEe HO™ SCH, 2

m/e = 60
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1001
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o
=
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Relative Abundance

100 135 M (152)

7
- C—OH
60 -

OCH,

MW. =152
40-
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| I 1
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[11.7.2 ESter

» Cac metyl ester c6 dd bay hoi I&n, nén thwdng duwoc st
dung dé khao sat trong khdi phd hodc sac ky ghép khdi phd

hon la cac acid tw do.

> Mi ion phan tlr cla ester ghi nhan dwoc nhwng thuwdng yéu
> Suw chuyén vi Mc Lafferty thwdng cho ion c6 cwdng dd manh.
Ngoai sy dit ndi o, B va chuyén vi, con co sw dit ndi ctia phan

day hydrocarbon dé tao céc ion C H,.,, va C.H,, ,
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» Cac mii co ban: R*, RCO*, CH,0*, CH,OCO*
m/z = 31, 59, 74, ... M-31 (- CH;0), M-59 (- CH;0CO)

/3, 87, 101

88, 102, 116
61, 75, 89; 77, 105, 108

M-45, M-59, M-73; M-32, M-46, M-60

CH;0”

m/e = T4

N
CH,
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Relative Abundance
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o, of Base Peak

t/
0. Methyl octanoate
| CHy(CH,)sCOCH3
100 -~ CHy0 ~—C ™ I
\CH 0
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Relative Abundance
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> CAac ester phtalat c6 miii rat dac trwng & m/z = 149

o+

I
O

Ester Phtalat

I
O

:CI?) :glaH :?H
. o
s C.
C\OR C\s \\ _ H O
OR OR OH
c” c” c”

I
O

m/z = 149
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111.7.3 Amid
> Céac amid cho sy dirt ndi o tao ra ion CONH,* (44), ion

RCO*. Sy chuyén vi Mc Lafferty cling xay ra dbi véi Hy
> Amid thom cho mi ArCO™* c6 cuwdng dé Ién va tiép theo Ia

cac mi rng v&i sw mat CO, C,H,, ...

o
+ o
R-CC —NH, —=  H,;N—C=0 + R
m/z = 44
o+ H H
N CR, 1OF e
HoN— ) ((IZHZ H2N—(%l " (”:H
CH 2

Hz
m/z = 59 108



111.8. Amin — Nitril = Nitro
111.8.1 Amin

> lon phan t& co6 cworng dd nhé hodc khdng thay
> Khuynh huéng dit ndi B cho goc tw do day dai
» Mii dac trweng m/z = 30

{ /| Y
|R—C—N - R-+ C=N

L \, /7 N\
[R_:_{::H:E _'P‘HTI{J} T R . CI‘IEZ:&IIE

ni/e = 30 109



Relative abundance
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Amin vong

A e g b . CH;—N=CH + - CH,CH,CH, -
I\|I I\II m/e =42

3 CH}J CH3 YH"

m/e = 83 m/e = 84

M -
( 5 .CH, CH,
\+/
N

| I
CH} CH3 m/e = 42

m/e =57

+ CH,=CH, — CH,=N=CH, + CH;-
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H H

Amin thom ; .
A Y [N v W R o

m/e =93 m/e =92 m/e = 66
H T
+ H-
m/e = 65
s M(93)
80 X CH,
2 | I
-~ N7
© 1
€ 60 M.W. = 93
o] |
o
Q [} 66
= -
1640—5
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20—
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111.8.2 Nitril

> lon phan tir thwérng rat yéu hodc khéng thay, thwdng

xuat hién ion M-1 (- H)

_|_

R—CH-—C=N* "
HC= R—CH=C=NH
H

> CAc nitril chi phwong cho ion M-27 kha rd do sy mat HCN
> Chuyén vi Mc Lafferty néu c6 sé cho ra ion rat dac trung &
m/z = 41 hoac 595, 59, ...
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Relative Abundance
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> Nitril thom thwérng cho mii M-HCN kha rd. Néu cé cac alcol
thé sé xay ra sw dit ndi dé cho ion tropilium va cac chuyén hoa

chat twong rnaq.

/‘./!1_4'03)
'!:'(Jj
|
D ':\‘\ ,Cl
- ‘// (
- ‘ |
:.1 B ||
> N S
re) ) M.W 103
<
D
CE
76
77
TR | | IR n 4“ " .
i ! R [ ; |' T =5 o T T | T T
) 15 20 25 30 35 40 45 S0 55 B0 65 70 75 80 85 90 95 100 105

mie
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111.8.3 Nitro
> Nitro chi phwong hiém khi xuat hién mdi phan to
Cac ion thuwong gap: m/z = 30 (NO*), 46 (NO,*) va cac ion
do sw dit ndi trén day R
» Cac nitro thom cho mii phan t kha ro
Céc ion thuwdng thay: m/z = 30 (NO*), 46 (NO,*), M-NO,

M-NO il
- 2 [ - NO 7 : J\ +
7 NG . Nty 7 N
| = o ol “ \\1 // "
| H | — [ ]+No-— ¢ > + CO
| s < ) \\ /
& - N __/
, m/e = 65
m/ie =9
'-'ZK\_\ \’() - 1y %
| | “ 5 NOx: — Gl « BO=CH
J s , =
~ //'/. 3 \\'\ o~ / S
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111.9 Halogenur

» Alkyl clorur cho 2 mii M va M+2 theo ti 1€ 3:1
» Alkyl bromur cho 2 mii M va M+2 theo ty Ié 1:1

> Sy phan manh dé mat HX hoac dit ndi B co thé xay ra

[R—CH,—CH,—X]* — [R—CH=CH,J" + HX

- H. + CI_I:_-_—:J:‘
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Sample [ |onisation lon Magnetic Electrostatic

—| Detector
chamber accelerator B analyser sector E Hie

Figure 16.3 A double focusing magnetic sector instrument showing its ‘BE’ geometry. Model JMS
700. On this photograph, the characteristic shapes of the electromagnet (magnetic sector) and
of the electrostatic sector can be seen. The detector lies at the right the ion source is on the left

(reproduced courtesy of Jeol, Japan).
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Mot s6 phwong phap ion héa thwdng sir dung

trong khéi pho

1. El (Electron Impact)

2. Cl (Chemical lonization)

Primary reactions: CH, -

Secondary reactions: ~ CH,4 |**
CH4]+. +
CH3 ]+ +

Collisions with M: CHg It +
CszW’ ot

If M is of the type RH:  CHg [ +

If it is a tert-butyl cation: (CH3)sCT +

e-

CH,

CH,

RH

M

CH,I** + 2e- (lonisation)
CHa]’ + H*
CHsI* + CHy® (Autoprotonation)

MH I + CH, (ionatM+1)
MC,Hs I* (ion at M + 29)

R*+ CH; + H, (ionatM-1)

MHF + CH,=C(CHs),
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3. FAB (Fast Atom Bombardment)

Analyte/matrix

“‘H—h_____q_h

Focussing

Extraction plate

Analyte ion beam
(secondary ions)

Frobe tip

1997 PALIL GATES
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4. MALDI (Matrix Assisted Laser Desorption lonization)
(lon héa bang ky thuat giai hap hop chat ra khéi chat
mang bang tia laser)

(c) Compound in the matrix

Laser |

o/

' 1§ i ) o —l F0:30.0- Btz
! \O*, 5240 |'_®O 2 4} —
O

Laser pulses
(5ns) {}

O
A 08
+]

Figure 16.20 FAB and MALDI techniques. (a) The principle of fast-atom beam formation
with xenon; (b) The formation of fast atoms of argon in a collision chamber and subsequent
bombardment of the sample by this atom beam, usually of 5-10kV kinetic energy; (¢) MALDI
or ionization by effect of illumination with a beam of laser generated light onto a matrix
containing a small proportion of analyte. The impact of the photon is comparable with that of a
heavy atom. Through a mechanism, as yet not fully elucidated, desorption and photoionization
of the molecules is produced. These modes of ionization by laser firing are particularly useful
for the study of high molecular weight compounds, especially in biochemistry, though not for
routine measurements.
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5. ESI (Electrospray lonization)

HPLC or HPCE Counter electrode Nop | |

Electrospray ® l l l @ @ @
":— >§__J—: ])/. N, N2® /'® 5 o5

o — > \ —_— —
- ! .
/ 45000V 6 rems
£ o the
Nebulising gas Analyser entry T T T =
Skimmer cone N, 100kPa 100Pa 0.001Pa

Figure 16.22 A schematic of the mechanism of ion formation in atmospheric pressure ionization
by electrospray. The analyte solution flow passes through the electrospray needle that has a
potential in the range from 2.5 to 4kV with respect to the counter electrode. The charged
droplets have a surface charge of the same polarity to the charge on the needle. The droplets
(1) shrink until they reach the point that the surface tension can no longer sustain the charge
(‘Coulombic explosion’) (2) and the droplet is ripped apart, expelling analyte molecules carrying
several charges (3). The presence of nitrogen improves the concentration process (4).
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6. APCI (Atmospheric Pressure Chemical lonization)

Atmospheric pressure
chemical ionisation (APCI)
O T @ ®

Heating
90O 06 6 I s
N
—'@@—» +—> | ®

to the MS

$4 4 e
Nebulisating + 25000V Ny | ||
and make-up gas Corona effect .
at high voltage point
@ Solvent molecule (e.g.,water) @ Pseudomolecular ion

Figure 16.23 Atmospheric pressure chemical ionization. (1) The sample solution is sprayed and
mixed with the ions issuing from a reagent gas such as nitrogen, ionized by a polarized needle.
Application of a high potential (typically 3 to £5kV) produces reagent ion plasma through
a corona discharge, mainly from the solvent vapour. These reagent ions associate in their turn
with molecules of the analyte, leading to clusters. These are destroyed by a current of nitrogen,

which mediates charge transfer to the analyte.
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