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LOI TUA

Hoéa hoc phan tich 1a nganh khoa hoc ¢6 su tich hgp cao cua nhidu nganh khoa hoc tu nhién nhu:
héa hoc, vat ly, toan hoc, tin hoc, sinh hoc, méi truong,... Nhiém vu co ban ctia hda hoc phan tich bao
gdm phan tich dinh tinh dé x4c dinh thanh phan hay ciu tric cia miu, phan tich dinh lwong hay dé phan
tach cac chat va diéu ché cac hop chit siéu tinh khiét... Vi thé hoa hoc phan tich ludn déng vai trd quan
trong trong khoa hoc, k¥ thuat, trong nghién ctru, trong xa hoi nhu cong tac diéu tra, phat trién tiém
nang, khai thac tai nguyén khoang san, danh gia cht luong san pham,...

Céc phuong phap va ky thuét trong héa hoc phan tich & nude ta da dugc phat trién va tng dung
tir nhidu nam nay. Tai cac phong thi nghiém cia cac don vi dao tao, vién nghién ctru va nha may san
xuat déu duogc trang bi cac hé théng thiét bi phan tich trong va ngoai nudc, tu ¢ dién dén hién dai, tir
don gian dén phirc tap. Tuy nhién cac tai liéu tiéng Viét gidi thiéu day du vé co sé 1y thuyét cua cac
phuong phép phan tich va huéng dan cy thé vé ting k¥ thuat phan tich thi van chua c6 hodc chua diy
dt nén 1a mot thuc té kho khin cho viéc dao tao, ung dung va phat trién nganh Hoéa hoc phéan tich
hién nay & nudc ta.

Xuét phat tir thyc té d6, Nha xuit ban Bach khoa Ha Noi xin gi¢i thiéu cting ban doc Bo sach
chuyén nganh vé “HOA HQC PHAN TiCH HIEN DAI” gém 6 cudn:

1. Phuong phap phan tich phd nguyén tir.

2. Phuong phap phan tich phd phén tir.

3. Cac phuong phap phan tich sic ky va chiét tach.
4. Phuong phép xir Iy va chuan bi mau phan tich.
5. Hoa hoc phén tich co s6.

6. Phuong phép phan tich dién hoa.

Tac gia cua bo sach nay 1a Nha gido Uu ta — GS. TS. Pham Luan, ngudi da nhidu ndm giang day,
nghién curu va lam viéc trong linh vuc Hoéa hoc phén tich. B sach la mot phﬁn thanh tyu cua tac gia —
ngudi ludn tim huyét vi viée bién soan cac cudn sach chuyén nganh dé luu truyén lai cho x hoi nhimng
kién thirc va kinh nghiém quy bau da duoc duc két trong su nghiép cua 6ng. Toi tin rang B sach nay s&
1a cong cu dic biét hitu ich, 1a cAm nang kién thic vé 1y thuyét va thuc hanh “HOA HQC PHAN TiCH
HIEN DAI” cho céc sinh vién, gidng vién, nghién clru vién va cac can b 1am viéc lién quan dén linh
vuc phan tich.

Nhan dip ra mit 3 cubn dau tién cua Bo sach, trude tién toi xin trin trong cam on tac gia —
NGUT.GS. TS. Pham Luén tuy di & tudi 76 nhung van danh toan bo tam huyét va cong stc dé hoan
thién ban thao ctia BJ sach nay. Téi cling xin cam on cac can bd ciia Nha xuét ban Bach khoa Ha Noi da
rat nd luc va tan tim dé thyc hién xuét ban B sach. Dic biét t6i xin chan thanh cam on 6ng Hoang Anh
Tuén — Pho Chu tich Hoi cac Phong thir nghiém Viét Nam — VINALAB, da giap do va dong gop kinh
phi dé bién cac y twong, ké hoach ban dau ctia ching t6i thanh nhitng cudn sach dugc xuat ban rat dep
va co6 gia tri khoa hoc — xa hoi cao.

B sach c¢6 thé con c¢6 thiéu sot hay han ché nao do6, ching toi rit mong nhan dwoc sy gop ¥ tir
ban doc d¢€ tac gia; Nha xuat ban tiép thu va bo sung cho nhitng lan xuat ban tiép theo.

Xin tran trong gidi thiéu cung ban doc!

GIAM POC — TONG BIEN TAP
NHA XUAT BAN BACH KHOA HA NOI

TS. PHUNG LAN HUONG






LOI NOI PAU

Céac phuong phap phén tich quang phd, nhu phwong phap phd phat xa va hap thu nguyén ti,
phé hap thu phan tir, phd huynh quang, phd hdng ngoai va phd khéi luong,... 1a nhitng k¥ thuat phan
tich hoa 1y hién dai da va dang duoc phat trién va tmg dung rat rong rii trén toan thé giéi trong nhiéu
nganh khoa hoc ky thuat, vét Iy, hoa hoc, trong san xuit cong nghiép, nong nghiép, y duoc, dia chit,
moi truong,... Pic biét & cac nudc phat trién, cac phuong phap phan tich phd da tré thanh mot hé
thdng cac phuong phap phén tich cong cu c6 hiéu qua trong viéc xac dinh lwong nho va vét cac chét
vd co, hitu co, kim loai trong nhiéu dbi tuong khac nhau nhu dét, nudc, khong khi, thyc phém, kim

loai, hgp kim,...

Hién nay, trong cong tac nghién cru bao vé méi trudng, an toan thuc phim, ... cic phuong phap
phéan tich phé la nhitng cong cu tdt phuc vu dic luc cho cong viéc phat hién va xac dinh cac kim loai
nang doc hai trong cac ddi tuong dat, nude, khong khi, thuc phém va sinh hoc. Dén nay trén thé gidi da
¢6 hang trim quy trinh phan tich tiéu chuin dya trén co s& cta cac k¥ thuat phan tich phd nay trong cac

linh vyuc phén tich thyc pham, phan tich cac dbi twong méi trudong (dat, nude, khong khi va sinh hoc).

O nudc ta, cac k¥ thuat phan tich quang phd ciing da phét trién va dang dugc ng dung trong
khoang hai chyc nim gan day. Mot s6 phong thi nghiém da dugc trang bi cac hé thong may do phd phat
xa va hap thy nguyén tir, phd hip thu UV/VIS, phd huynh quang, phd hdng ngoai va phd khdi lugng.
Nhiing thiét bi nay do nha nuéc ta dau tu, hodc do vién trg ciia nudc ngoai theo cac chuong trinh hop
tac nghién ctru khoa hoc k¥ thuat khac nhau. Nho o, ching ta di c6 may do phd phét xa va hap thy
nguyén tir cuia nhiéu hing, nhiéu model khac nhau tir don gian dén hoan chinh. Mot s6 can bo khoa hoc
ky thuat cua cac Vién, cac truong Pai hoc da dugc ra nudc ngoai (Anh, Phap, Puc, Ha Lan, Nga) dé
hoc tap, nghién ctu va dao tao. Song dai da ) nhitng can bd khac khong cé diéu kién do6 va ho cling rat
can dugc cung cap kién thirc vé cac k¥ thuat phan tich quang phd dé phuc vu cho cong viéc hién tai cua
minh. Mit khac, hau hét cac tai liéu va sach v& cac k¥ thuat phan tich nay lai chi co bang tiéng Anh,
Phap, hodc Nga. Trong nhimg nim qua, nudc ta di dich rat nhiéu quy trinh phan tich dé ap dung phuc
vu cho khoa hoc va kinh té. Tuy nhién chiing ta chua c6 cudn sach co so 1y thuyét nao viét bang tiéng
Viét vé ky thuat phan tich phd dé phuc vu dio tao, hay gitp cac can bo cua chiing ta hoc tap va nang cao
tay nghé, phuc vu cho nhu cau phan tich ciia cic nganh khoa hoc va kinh té hién nay dang timg ngay
phat trién va d6i mai, doi hoi chat luong cao cung véi su phat trién kinh té thé gisi. Vi thé tac gia da
manh dan bién soan cudn sach “Phwong phap phén tich phé phan tir” duoc xem nhu 13 mot tai liéu
co so 1y thuyét ciia k¥ thuat phan tich quang phd. Cudn sach nay sé rat co y nghia ddi véi cong tac dao
tao, nghién cttu va ung dung thyc té trong nganh Héa hoc phan tich cia Viét Nam, phuc vu cho nhiéu
dédi tugng ban doc: tur sinh vién, hoc vién cao hoc, nghién cltu sinh dén cac k¥ thuét vién, chuyén gia va

can bd giang day linh vuc Hoa phan tich.



Noi dung cubn sach gdbm nam phan nhu sau:

1. Phuong phap phan tich pho hép thu phan tir (UV-VIS).

2. Phuong phap phén tich phd hong ngoai (IR).

3. Phuong phép phan tich phd huynh quang (FLS).

4. Phuong phap phan tich phd khéi lugng phan tir (MMS).

5. Phu luc.

Pay 1a cudn sach dau tién vé cac ky thuat phan tich phd phéan tir thudc bd sach “Cac phuong
phap phan tich hién dai” dugc viét bang tiéng Viét, nén khong thé tranh khdi mdt s6 han ché nhat
dinh, vi thé chung t6i rat mong nhan dugc su dong gdp y kién cua cac ban be, dong nghiép va ban doc
gan xa cd quan tam, dé tac gia c6 thém dieu kién hoan chinh cho lan xuat ban ti€p sau.

Nhan dip ndy, chung t6i ciing xin chan thanh giri 16i cam on dén GS. TS. J. F. M. Maesen,
GS. TS. Kragton, GS. TS. J. Bak, GS. TS. J. C. Kraak, Ky su héa nghiém H. Balker, Ky su J. W.
Elgersma thugc Khoa Hoa hoc truong Pai hoc téng hop Amsterdam, GS. TS. Trinh Xuan Gian (Vién
Héa hoc, Vién Khoa hoc cong nghé Viét Nam), GS. TS. Nguyén Puirc Hu¢, PGS. TS. Nguyén Vin Ri,
TS. Nguyén Hoang (Khoa Hoa, Pai hoc Quéc gia Ha Noi), GS. TS. Pham Gia Hu¢ (Pai hoc Dugc Ha N§i),
PGS. TS. Ngo Huy Du (Vién Hoa hoc cong nghé Viét Nam) va cic ban dong nghiép trong Bo mon
Hoéa Phan tich, Khoa Héa hoc, Pai hoc Qubc Gia Ha Noi di c6 nhiéu v kién dong gdp cho ndi dung

cua cuodn sach.

Xin cam on.

Tac gia

GS. TS. PHAM LUAN
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uv

UvD

VIS

VISD
UV-VIS
UV-VISD
MEFS
MEFSD
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ACN
APDC
Na—APDC
Dx—Para
Dx—Meta
Dx—Octo
Xe—Lamp
D2-Lamp
W-Lamp
NGL

Cell
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BANG CAC CHU VIET TAT

Viét diy du tiéng Viét (tiéng Anh)

Pho phan tir (Molecular spectroscopy)

Detector phd phan tir (Molecular spectroscopy detector)

Tur ngoai (Ultraviolet)

Detector hip thu quang tir ngoai (Ultraviolet detector)

Kha kién, nhin thiy (Visible)

Detector hip thu quang kha kién (Visible detector)

Tir ngoai—kha kién (Ultraviolet Visible)

Detector hip thu quang tir ngoai—kha kién (Ultraviolet Visible Detector)
Phé huynh quang phén tir (Molecular fluorescence spectroscopy)
Detector phd huynh quang phan tir

(Molecular spectroscopy fluorescence detector)

Do hip thu (Absorbance)

D6 truyén qua (Transmision)

Axetonitril (Acetonitril)

Amoni—pyrolidin—Dithio—cacbamat (Amonium—pyrolidin—Dithio—carbamate)
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Pén hd quang Xenon (Xenon arc lamp)
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Dén phat sang manh (Nernst Glower Lamp)

Cuvet dung mau do (Sample Cell)

Detector mang diot phat quang (Photo diode array detector)
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MFSAM

AFSAM

Vit-E
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Tia X

Ph6 tia X (X—Ray Spectroscopy)

Ph6 huynh quang tia X (X—Ray Fluorescence Spectroscopy)

Ph6 Raman (Raman Spectroscopy)

Huynh quang phén tu (Molecular Fluorescence)

Su phat xa huynh quang nguyén tr (Atomic Fluorescence Emission)
Su phat xa huynh quang phan tir (Molecular Fluorescence Emission)
Pho huynh quang phén tir (Molecular Fluorescence Spectroscopy)
Ph6 huynh quang nguyén tir (Atomic Fluorescence Spectroscopy)
Su phat xa huynh quang cua vét rén (Solid Fluorescence Emission)
Detector huynh quang phan tir (Molecular Fluorescence Detector)
Huynh quang

Thubc thir huynh quang (Fluorescence Reagent)

Phuong phap phan tich phd huynh quang

(Fluorescence Spectroscopy Analysis Method)

Phuong phap phan tich phd huynh quang phén tir

(Molecular Fluorescence Spectroscopy Analysis Method)

Phuong phap phan tich phd huynh quang nguyén tir
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AMS
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ESI
CI
PCI
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FDI
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(High Performance Liquid Chromatography with Molecular
Fluorescence Detector)

bién di mao quan hi€u nang cao vdi detector huynh quang phan tu (High

Performance Capillary Electrophoresis with Molecular Fluorescence Detector)
Pho huynh quang hoa hoc, Héa huynh quang

(Chemical Fluorescence Spectroscopy)

Ph6 huynh quang héa hoc

(Chemical-Luminescence Spectroscopy)

Phd 1an quang (Phosphorescence Spectroscopy)

Do 1éch chuén tuong dbi (Relative Standard Deviation)

Sai s6 tuong dbi (Relative Error)

Phé khéi lugng phan tir (Molecular Mass Spectroscopy)

Detector phd khéi lwong phén tir (Molecular Mass Spectroscopy Detector)
Danton, don vi do s6 khéi m/Z (Dalton)

Pho khéi lugng nguyén tir (Atomic Mass Spectroscopy)

Nguon plasma cao tan cam tmg (Inductivity Coupled Plasma )

Su ion hoa bang ngudn electron (Electron Ionization)

Su ion hoa bang ngudén mu electron (Electron—Spray Ionization)

Su ion hoa bang ngudn hoa hoc (Chemical Tonization)

Su ion hoa bang ngudn hoa hoc ion dwong (Positive Chemical Ionization)
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Sy ion hoa bang ngudn nhiét ning (Thermal Ionization)

Sy ion hoa bang truong dién tir (Field Ionization)

Su ion hoa bang truong dién tir giai hap (Field desorption Ionization)

Su ion hoa bang ngudén mi nhiét ning (Thermo—Spray Ionization)

Bin pha bang nguyén tir nhanh (Fast Atomic Bombardment)

Su ion hoa bang plasma giai hap (Plasma Desorption Ionization)

Su ion hoa bang lade giai hip (Laser Desorption Ionization)
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API
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FI
[M+H]"

[M-H]"

MS

ES

QF
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MS-MS
ES-MS
MS/ES-MS

Q-MS
HQ-MS
DEMD
EMD
SMD
LC
HPLC
UHPLC

HPCE

HPCEC

Su ion hoa bﬁng su twong tac cua chum hat

(Partical Beam Interface Ionization)

Su ion hoa bang trudng ap sudt khi quyén (Atmospheric Presure Ionization)
Ion me, ion phan tir (Mother ion, Molecular Ion)

Manh ion, ion manh (Fragment lon)

Ton me (ion phan tir), dwoc tao ra khi ding ngudn CI

(Mother ion, Molecular Ion)

Ton me (ion phan tir), duoc tao ra khi dung ngudn CI

(Mother ion, Molecular Ion)

Cung nam cham tir (Magnetic Sector)

Cung nam cham dién (Electrostatic Sector)

Truong tir cuc (Quadrupole Field)

Thoi gian bay (Time of Flight)

Truong ly tim siéu téc (Cyclotroton Field)

May phé khéi cung nam cham tir (Magnetic Sector Mass Spectroscopy)
May pho khéi cung nam cham dién (Electriostatic Sector Mass Spectroscopy)
May phé khéi cung nam chdm tir va nam cham dién
(Magnetic—Electriostatic Sector Mass Spectroscopy)

May phé khéi truong tir cyc (Quadrupole Mass Spectroscopy)

May phd khéi truong sau cuc (Hexa— Quadrupole Mass Spectroscopy)
Detector da nhan electron dinod (Dynode Electron Multiplier Detector)
Detector di¢n tir da nhan (Electron Multiplier Detector)

Detector da nhan phd ké nhip nhéy (Scinlilator Multiplier Detector)
Sic ky 1ong (Liquid Chromatograph)

Séc ky long hiéu ning cao (High Performance Liquid Chromatograph)
Séc ky 1ong siéu hiéu ning cao

(Ultra High Performance Liquid Chromatograph)

bién di mao quéan hi¢u nang cao

(High Performance Capilary Electrophoresis)

Séc ky dién di mao quan hiéu ning cao

(High Performance Capilary Electrophoresis chromatography)
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HCBVTV
oC
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CBC
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ADI (Dso)
MRL
DMM

MMM, hay MMC
EMM, hay EMC

MMAs
DMAs
BAs
As-B
AsC
AsHz
EtMAsH
Me-Hg
DM-Hg
Et-Hg

Pho khéi phan tir nguon EI

(Electron Ionization Molecular Mass Spectroscopy)
Ph6 khéi phan tir ngudn ESI

(Electron—Spray Molecular Mass Spectroscopy)

Pho khi phan tir nguon ion hoa héa hoc

(Chemical Ionization Molecular Mass Spectroscopy)
Séc ky khi véi detector khdi phd

(Gas Chromatograph with Mass Spectroscopy Detector)
Hoa chit bao vé thuc vat (Pesticides)

(Organo—Chorine Pesticides)

(Organo—Phosphorine Pesticides)

Hop chat pyro organo—phospho—chlorine (Phospho—Pyrochlorine Compound)

Hop chét nitro (Nitro Compound)

Hop chat cacbamat (Carbamate Compound)

Hoa chit diét co dai (Herbicides)

Chiét siéu am (Ultrasonic Extraction)

Liéu chét 50% (50% Admission Death Dose Interval)
Gidi han ti da cho phép (Maximun Recommend Limit)
Di—Metyl thuy ngan (DiMethyl Mercury)
Mono—Metyl thuy ngan (MonoMethyl mercury)
Etyl-Metyl thuy ngan (EthylMethyl Mercury)
Mono—Metyl arsenic (MonoMethyl Arsenic)
Di—Metyl arsenic (DiMethyl Arsenic)

Betaine Arsenic

Arseno—Betaine

Arsen—Chline

Arsin (chat khi, rit doc)

Etyl-Metyl Arsin

Metyl thuy ngén (MethylMercury)

DiMetyl thuy ngan (DiMethyl Mercury)

Etyl thuy ngan (EthylMercury)
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TeBT Tetra—Butyl thiéc (Tetra—Butyl-Tin)



Chwong 1

CO SO LY THUYET CUA
PHUONG PHAP PHAN TiCH PHO HAP THU
QUANG PHAN TU UV-VIS

1.1. SU XUAT HIEN CUA PHO HAP THU PHAN TU UV-VIS

1.1.1. Sw hap thu quang viing UV-VIS

— Phan tir, nhém phan tir ciia cic chat, don chit hay hop chat, ciing déu dugc cdu tao tir cac
nguyén tu theo nhiing céach, kiéu lién két héa hoc nhit dinh cua cac dién tir (electron) hoa tri (cac
electron & 16p ngoai ciing) ctia nguyén tir cac nguyén t6. Tuy c6 mudn van cac chat khac nhau dugce tao
thanh tir cac nguyén tir va phén tir, nhung trong phan tir ctia céc chét chi c6 ba loai lién két hoa hoc, tirc
12 moi hop chit (vo co va hiru co) déu dugce tao thanh tir cac nguyén tir theo cac kiéu lién két hoa hoc
nhat dinh, do la:

1) Lién két sigma (o), lién két don.

2) Lién két pi (), lién két doi va bdi pi (2 nhu & phén tir axetylen).

3) Va lién két phdi tri (lién két cho nhan).

Ngoai ra, néu phén tir cac chat c6 chira cac nguyén té di td, nhu nito (N3), oxy (O2), lvu huynh
(S), thi & nguyén tir cia cac nguyén td nay co6 thé con 1 hodc 2 doi dién tir hoa tri tw do chua tham gia
lién két va duoc ky hi¢u la cap electron n. Vi du trong phan tr NH3, nguyén tir N ¢6 5 electron hoa
tri, moi dem 3 electron hoa tri lién két v6i 3 nguyén tir hydro tao ra 3 lién két don sigma (o) trong
phan t& NH3, do d6 trong phan td NH3; nay nguyén tir N con lai mét doi dién tu tw do n (dugce goi la
cap electron n). Trong phan tir (C¢Hs)—NHa, nguyén tu nito trong nhom —NH; ciing con 1 d6i electron
n, trong phan tir (CsHs)-NO> mdi nguyén tir oxy van con 2 d6i electron n. Nhitng do6i electron n nay
c¢6 thé cho phan tir ctia chat khac can electron khi tham gia phan tng véi chat can doi dién tir d6 dé
tao ra lién két bén, thudc loai cho — nhan. Vi du, trong NH; d6i electron n ndy cho ion H' tao ra ion
NH," (1a mot axit yéu).

— Céc elctron hoa tri, khi di vao lién két trong phan tir hinh thanh cac lién két loai o (lién két don)
va t (lién két doi). Lién két o 1a ciia cac electron s va p. Cac dién tir hoa tri cua lién két m nam trong cac

phan 16p p, d, f va do 1a cac lién Kkét loai p—p, d—d, f—f, d—p, d—f.
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Dung dich
miu =

|~ I,

Chum sang n (hv) vao Chum sang ra

>

I,
Phén xa (Ipy) F/

Tan xa (Ix)

Phat xa (Ing)

Hinh 1.1a. So’ dé chiéu sang dung dich mau cé chat.
lo: Chum sang toi; I: Chum sang di qua; lpx: Chum séng phan xa;
Ing: Chum séang huynh quang; Iix:Chum sang tan xa.

— Trong phén tir, hay nhom nguyén tir, cic lién két o c6 ning luong lién két 16n nhéat (n6 bén

nhat), sau d6 kém hon 1a dén cac lién két 7 va cac doi dién tir ty do n (hinh 1.1b).

ET
o . .
Kich thich ] 1 - Budc chuy?n c— o*
T’ 2 - Budc chuy?n T
3 - Budc chuyénn — ¢
n 4 - Budc chuyén nox"
4 3
Co ban ST
____loe
1

Hinh 1.1b. So’ d6 chuyén mirc E cta cdc ddm may electron lién két.
1 va 2: Chuyén mirc N=>>Y: 3 va 4: Chuyén murc N>Q.

— Céc phan tir, nhom phan tir ciia cac chét, & diéu kién binh thudng chung ton tai & trang thai co
ban, trang thai nay bén viing va nghéo ning lugng nhat (c6 mic ning luong thip nhét, E,) dé dam bao
su ton tai cla phan t& cac chét.

Theo co hoc lugng tur, & trang thai co ban ndy phan tr cling khong thu va khong phat bic xa.
Nhung khi ¢6 chium sang (chtim photon) c¢6 ning lwong thich hop chiéu vao dung dich miu cua chat, nd
s€ bi kich thich, cac dién tir hoa tri trong cac lién két o, m va doi dién tir tu do n trong phén ti s€ hép thu
ning luong ciia chum sang (twong tac khong dan hdi) va nd chuyén Ién trang thai kich thich c6 mirc
ning luong cao hon E,,. Khi phan tir cia chét b kich thich nhu thé chiing s& ¢6 cac su chuyén muc ning

lugng nhu sau:
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