Chwong 2: PHO TU NGOAI KHA KIEN
(UV-Vis Spectroscopy)
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NGUYEN TAC CUA PHO HAP THU: PINH LUAT LAMBERT-BEER
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Hiru co Vo6 co

3 74

CAC DANG PHAN TU HAP THU
BU'C XA UV-Vis

!

Truyén dién tich
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Definitions:

« Organic compound
— Chemical compound whose molecule contain carbon.

* Inorganic species
— Chemical compound that does not contain carbon.
— E.g. transition metal, lanthanide and actinide elements
— Cr, Co, Ni, etc..

« Charge transfer

— A complex where one species is an electron donor and the other
Is an electron acceptor.

— E.g. iron(l11) thiocyanate complex
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VUng pho nay thuong dugc chia 1am 3 ving cha yéu: can UV
(185-400 nm), kha kién (400-700 nm) va can hong ngoai
(700-1100 nm).

Nguon goc cua su hap thu trong ving ndy chu yéu l1a su tuong
tac cua cac photon birc xa vdi cac ion hay phan tir cua mau.

Su hap thu chi xay ra khi co su tuong ing giita niang luong
photon va nang luong cac dién tir ngoal cung (cua ion hay
phan tr) hap thu.

Két qua cua su hap thu 1a cO sy bién d6i nang luong dién tir
cua phan ti. Vi vay pho UV-Vis duoc goi la pho dién tir.
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« Su hap thu ning luong trong ving anh sang tir ngoai gan (190-
400nm) va kha kién (400-780nm) cua cic chat gay ra su
chuyén dich cua cac dién tir tir trang thai co ban sang trang thai
Kich thich.

» Biéu d6 bién dién su twong quan gitta cuong do hap thu theo
budc song cua mot chat duge goi 14 pho UV-Vis cua chat ay
trong diéu kién xac dinh.

Photon
Electron
~ Nucleus
e
‘1\\\_&___/" ./; ‘\\ \'\.\_____,, . / \L_____,,-/
R B SRy &
Ground Absorption Excited
state of photon state


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Ba dang cta dich chuyén dién tir:
- Céc electron lién két (electron s, p, n)
- Cac electron l6p d, f

- Céac electron truyén dién tich
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Qua trinh co ban

M+ hyv—=> M

108 — 1079
M* > M + nhiét
(hodac danh sang)

hodc
108 — 109
M* - N
(chat mdi, phan ing quang hoa)
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1. Hap thu cla cac electron lién két

Sigma (o) — electron lién két don

(a) o orbital (¢) o* orbital

Low energy bonding orbital High energy anti-bonding orbital
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Pi (n) — electron lién két ddi va lién két ba
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(b) m orbital (d) m * orbital

Low energy bonding orbital High energy anti-bonding orbital

®
Vi du: Formaldehyde C >.<>.< OO
o
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= Examples of organic molecules containing 1 bonds.

CH,CHa T H;C—C=C—H
H\$/3\ﬁ/“ propyne
Ao O
AN AN A
ethylbenzene \C:C/ H
benzene / \
H H

1,3-butadiene
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- Electron khong lién két n: khdng tham gia bat ky lién két ndo, day Ia
muc nang lwong trung hoa

(Cac hop chat hiru co chra N, O, S hay halogen thwérng chlra cac
electron khong lién két)

m Examples of organic molecules with non-bonding electrons.

H;C H
| /N

R : Br H

:NHZ

Carbonyl compound 2-bromopropene

IfR=H - aldehyde
If R = C,H, = ketone

aminobenzene
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S
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"]

s = Strong transition  w =Weak transition

¢ =2 o* transition in vacuum UV
n - o* saturated compounds with non-bonding electrons
A ~ 150-250 nm
e ~ 100-3000 ( not strong)
n -2 n*, ©1 = ©* requires unsaturated functional groups (eq. double bonds)
most commonly used, energy good range for UV/Vis
A~ 200 -700 nm
n->ma*:¢e~10-100
n > w*: ¢ ~ 1000 — 10,000
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The regions of the electronic spectrum and the types of transitions
that occur in each.

Nang lwong can thiét dé kich thich dién tl trong lién két o I&n hon nang luvong
cda photon trong viing UV. Vi vay, alkan va cac hop chat bdo hoa (hop chat chi
c6 lién két don) khoéng hap thu birc xa UV nén thuworng dwoc st dung nhw cac

dung méi trong sudt UV dé nghién ctru cac phan t& khac.
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Pd&c trung hap thu cua mdt sé nhém chire phd bién

Chromophore Example Solvent Amax (NM) €max Type of
transition
Alkene CgH13HC—CH, n-Heptane 177 13,000 >t
Alkyne n-Heptane 178 10,000 > 1*
CsH 1 C=C—CH; 196 2,000
225 160 B
Carbonyl (ﬁ n-Hexane 186 1,000 n>c*
280 16 *
n2>n
CH3CCHg
@) n-Hexane 180 Large .
I 293 12| N2o
CH3CH n->n*
Carboxyl (”) Ethanol 204 41 n=->n*
CH3COH
Amido (H) Water 214 60 N>
CH3CNH,
Azo H3;CN=NCHj3 Ethanol 339 5 n->m*
Nitro CH;NO, Isooctane 280 22 n=->n*
Nitroso C,HgNO Ethyl ether 300 100 _
665 20 n=S*
Nitrate C,H:ONO, Dioxane 270 12 n->*
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TABLE 9.1 Summary of UV Ap,,, and Transition Types for Simple Chromophores

Chromophore Compound Transition Amax (nm) £
C-H CH,4 0—C* 122
Cc-C CQH(, o—Cc* 135
C=C C>Hy Ton* 103 15000
174 5500
C=C=C CsH, T—oT* 170 4000
227 630
Cc=C R (C=C-R~ o 178 10000
196 2000
223 160
Cc-O R-0O-R n—o¥ 180 500
c-0 R-O-R~ n—c* 180 3000
C-N Amino n—c* 190-200 2500-4000 Other Examples Of Some
Cc-S R-S-H n—a* 195 1800 Common Chromophores
C-S R-S-R n—G* 235 180
C=0 Aldehyde/Ketone  p—oo* 166 16000
RoT* 189 900
T 270 10-20
Cc=0 Carboxylic acid n—mE 200 50
C=0 Carboxylate n—oE 210 150
C=0 Ester n—m* 210 50
=0 Amide n—m* 205 200
C=N (NH;),C=NH n—mI* 265 15
=N CH3C=N n—m* <170
N= Me-N=N-Me n—m* 350-370 15
N= MesNO n—mT* 300 100
665 120
=0 Me3NO; n—>T* 276 27
C=C=0 Et,C=C=0 n—oR* 227 360
n—oE 375 20
Cc-Cl1 n—o* 173 200
C-Br n—c* 208 300

C-1 n—oG* 259 400
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-Hap thu UV-Vis cho théng tin vé cac nhdm chire trong hop
phan.

-Hau hét phé cliia chat hiru co déu phurc tap:

+ Dich chuyén dién t& va dich chuyén dao déng chong
chap nhau.

+ \ung hap thu thwdng rong

+ C6 thé phan tich ban dinh lwong va dinh tinh cac loai
lién két nhwng khéng thé phan tich ly thuyét.

+ Anh hwéng cla dung méi rat lon.
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CAC YEU TO ANH HUONG DPEN SU DICH CHUYEN PIEN TU

* Anh hudng ciia dung méi
* Anh hudng cua sy lién hop
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ANH HUONG CUA DUNG MOI

« Budc song hap thu va cuong dd hap thu ctia cic hop chat
chiu anh hudéng cia dung moi.

* Su tac dong cua nhirng dung moi khac nhau Ién cac phan
tr lam thay do6i mirc nang luong gitta cac trang thai kich
thich va co ban.

* Su tac dong cua dung moi Ién phan tir lam sinh ra: dich
chuyén xanh va dich chuyén do.
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DICH CHUYEN XANH

* La hién tuong hap thu birc xa clia cac hO’p chat hitu co ¢o
budc song ngan hon trong nhirng dung mo1 co6 tinh phan cuc
Cao

* Hién tuwong tim thay & qua trinh chuyén dich n— 7* cua
nhom cacbonyl.
e Nguyén nhan 1a do su lam bén trang thai n cua dung moi.

+
.

11 S .
Dung mci khéng phan cuc n
Dung maéi phan curc

ngThanCong.com https://fb.com/tailieudientucntt
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DICH CHUYEN PO

* Hién tuong duoc tim thay ¢ cac phén tir hiru co ma trong
cau truc phan tir cia no co su lién hop.

+ Do khi mach C cang dai thi hiéu tmg lién hop cang ting, dan
to1 d0 1éch nang luong gitra hai trang thai giam.

+ Trong Qhén tir hitu co ¢0 hiéu ung lién hop cang dai thi buodc
song hap thu cang 16n

*
.

AE <AE

hhhhhhh
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2. Hap thu cla cac electron 16p d/f

= Electron 3d & 4d
Su dich chuyén xay ra & cac orbital d lap day va chua lap day
v&i nang luong phu thudc vao ligand nhu Cl-, H,O, NH; or CN-
lién két vai cac ion kim loai chuyén tiép .
Vd: Cr, Co, Ni & Cu

- Hap thu ving rong cta birc xa Vis
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= Electrons 4f & 5f
- Dich chuyén cua dién tir trong cac ion dat hiém va ion actinide.
- Pinh pho hep va céc peak hap thu dic trung dugce Xac dinh mot

cach ro rang.
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Phd hap thu cia mét sb ion dat hiém
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3. Truyén dién tich
- Hap thu birc xa 1a do su truyén electron tir donor dén orbital lién
guan dén acceptor.
- Cac phtre vo co cua electron cho (thuong 1a hiru co) va electron

nhan (thuong kim loai)

Vd: Iron Il thiocyanate
Iron Il phenanthroline

—

Fe™ + SCHN- T—— [FeSChE

oo he [ thioouantairen](l

(colorless) (deep red color)
iren - phenanthnoline
= prenan thieihe - — cample: -1 2+
et + 0 \"h \H — k! \H
I h— N N=

N _ i “Fa’ _
colorless colorless n
where n = the rumber of phenanthnsline recdish-orange color

ok auke s rea oting with the bon (I
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Phd hap thu ciia mét sb phirc do truyén dién tich
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THIET BI QUANG PHO HAP THU UV-VIS

Light vf

"

Source

® a

~

Monochromator

Sample
Compartment

Sensing
Part
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NGUON SANG

Nguon sang c¢6 nhiém vu cung cap birc xa twong thich véi qua
trinh do. Burc xa dugc cung cap boi ngudn sang thuong la chum
birc xa da sac, nd bao trum mdt khoang rong cta pho.

¢ Electromagnetic Spectrum

X-Rays v VIS NIR IR Micro wave

200nm 400nm 700nm 2500nm 500 pum
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TUNGSTEN LAMP

+ Pén Tungsten Halogen , 12 mot ngudn sang phd bién dung trong
may quang pho. Peén ndy chira mdt sgi ddy manh tungsten dugc
dat trong 6ng thuy tinh. Budc song cua buc xa ma dén cung cap 1a
tir 330 dén 900 nm, dugc dung trong ving visible.

+Thoi gian st dung dén nay khoang 1200h.

+ V&i U= 6v va cuong do rat 16n day ' : .'
tungten bi nung do dua bau khi tro dong,
( neon, Argon) Ién trang thai kich
thich va phat bic xa
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Hydrogen / Deuterium Lamps

DBén hydrogen or deuterium cung cap btrc xa trong vung Ultraviolet
twrong ing vo1 dai birc xa tir 200 dén 450 nm.

Trong hai dén thi dén Deuterium 6n dinh hon va co6 thoi gian s
dung khoang 500h. Pay la dén cho pho lién tuc

CT5-10368
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THIET BI TAO BUC XA PON SAC

*  Thu chum btrc xa da sac phat ra tir dén va cho birc xa
don sac di ra.

* (C6 hai loai thiét bi pho bién: ling kinh va cach tir
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THIET BI TAO BUC XA PON SAC

Lang Kinh (Prism)
+ Nhirng birc xa co burc song khac
nhau s€ b1 1€ch nhitng goc khac nhau
khi di ra khéi lang .
+ Lang kinh ¢6 thé dugc lam tr thaty 7
tinh hay thach anh. WoLgh /

// Glass Prism \

e Red
eSS Orange
Yellow
Green
Blue

Indigo
Violet

+ Tuy thudc vao vat licu lam lang kin..
ma no co thé tach nhirng buc xa trong
vung nao (Lang kinh thuy tinh phu hop
V01 cac birc xa trong vung visible
nhung lang kinh thach anh thi bao phu
0 ca hai vung Ultraviolet va Visible) .

ongThanCong.com https://fb.com/tailieudientucntt
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THIET BI TAO BUC XA PON SAC

CACH TU (GRATINGS)

+ Cach to duoc cau tao vo1 vo

sO nhitng khe rat nho trén
mot dién tich bé mat
khoang 200 khe trén mot do

rong 1cm

+ Tuy thudc vao goc to1 cua
chum anh sang va bé mat
cach tr ma hudng truyén
cua chum btrc xa khi phan
xa trén bé mat cach tir theo
nhitng huéng khac nhau.

;ThanCong.com https://fb.com/tailieudientucntt
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THIET BI TAO BUC XA PON SAC

CACH TU (GRATINGS)

Phan loai1 cach tu:
+ Cach tur truyén suodt: Pugc lam bang thuy tinh
+ Cach tur phan xa : Lam bang nhom
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THIET BI TAO BUC XA PON SAC

Quan sat pho qua cach tir

. IR0
. .
p — et
- e
L
¥ - S <4
| -" P ~ : -
. - e 13
DN
| R
N =
View Looking Through
~ Grating at Simple Light
Sour¢e
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BO PHAN PAT MAU

+ Tia btrc xa don sac sau d1 dugc tach ra s€ di1 qua mau.

+ Cuvettes duoc lam bang nhua, thuy t1nh hay thach anh dé
chu:a mau do long. Trudng ho’p mau ran, gia cong bé mit
mau phang va dit vao vi tri dé mau.

uuDuongThanCong.com https://fb.com/tailieudientucntt
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THIET BI THU (DETECTORS)

+ Chuyén ddi tin hiéu quang truyén qua mau thanh tin hiéu
dién.

+ Cuong do dong C‘ﬁén thu duoc la ty 1€ thuan véi cuong do
birc xa dap vao bé mat catot.

+ Té bao quang dién hay Ong nhan quang dién.
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THIET BI THU (DETECTORS)

ONG NHAN QUANG PIEN

= Ong nhan quang dién cod chirc ning t6 hop cac tin hiéu
chuyén do6i qua vai giai doan khuyéch dai trong than cua
ong. Ban chat cua nguyén liéu 1am cathode 13 xac dinh d6
nhay cua pho.

c) Focusing alacirodas

/

WA AN AN

window Phato- Stemn
cathode Electron Anode (basa)

miuttiplar
{dynodes)

Incidant
light se—

—ATTTT
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THIET BI THU (DETECTORS)

Té bao quang dién

| Thiét bi do quang phd |
Detector
12 radiation 2
,f*"d_'—‘_h"“n\f._/—- beam
r_/"‘ Dynode 3 Dynode 1
] e Wire Qg e
photoemissive | e anode /\\ \
cathode — | Dynode 2 .
ie= radiafion
27e- K bearm
| =
anade @ @ cathode
Q@ &
Phototube Design Photomultiplier Arrangement
38
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CAC LOAI MAY QUANG PHO

Co hai loai : May mot chum tia va hai chum tia

May mot chum tia ‘

+ MAay quang pho chum tia don la dugc phat minh ra dau
tién, va toan bd anh sang di qua mau.

+ Loai nay 1a ré hon vi né dugc thiét ké kha don gian

OF _ (@) |Entry slit  Concave ;
I p Wolamp (Vis.) i grating !
-0y

Calculation Do ; _ ;
of the transmittance | i Dz lamp {(LV) | Exit slit
(or absorbance) e :
T i T Photediode 100 T LT T
k. G e H Filter
R R Ty Sample !
L —) i 5@ [ IJI i - *__— Semi-transparent
: ; Rl I = : A mirror
| Photodiode # 2 | ! [ ] 5
T i____Reference | ~ Mirror
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CAC LOAI MAY QUANG PHO

Double beam

Assembly with photomultiplier Raferance

‘-\.‘_

Source [ Monochromator —

Rotating mirrors - '

%_' ________

Rotating mirrcr (detail)

Assembly with two photodiodes

Source H Monochromator

Semi-transparent —
mirror
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CAC LOAI MAY QUANG PHO

Double beam

e Uu diém cua thiét bi hai chum tia
Cho d¢ chinh x4c cao vi mau do va mau do6i ching duoc
do cung mot Ic.

« Nhuoc diém 1a 214 thanh cao, d0 nhay thép do céu truc
quang hoc phtirc tap hon, do tin cay thap hon.
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UNG DUNG PHO UV-VIS

Phan tich protein
Phan tich Carbonhydrat
Phan tich ham luwong kim loai trong thuc pham

Phan tich do hap thu va truyén qua cia mang, vat liéu
khoi...
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