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Phan tich hoa ly

CAC PHUONG PHAP PHO PHUONG PHAP

_ PHO NGHIEM
;'_ THONG NGHIEN CUU

‘muco ~ CAUTROC
PHAN TU

Thu vién trvong KHTN

2 bai kiém tra = 25%
- Bai KT 1: Phwong phap phan tich quang phd

- Bai KT 2: Phwong phap phan tich nhiét

Giira ky: Phuong phap phan tich quang phé 20% (tw luan)
Cudi ky: Tong hop 55% (trac nghiém + tw luan)

Sinh vién PHAI du téit ¢ cdc bai kiém tra. Néu sinh vién véng bai
kiém tra ndo, bai kiém tra dé sé tinh khéng (0) diém, va sé céng

vao diém trung binh mén hoc

NOI DUNG CHI TIET

Pai cuong vé cau trdc nguyén tlr, phan tr va cdc phuong phap

w
-
-

phan tich quang phé

Phé tlr ngoai - kha kién (UV-Vis)

Ph& hdng ngoai (IR) va Raman

Khi phd (MS)

Ph& cong huéng tir hat nhan (NMR)

K&t hop cac phuong phéap phé trong xac dinh cau tric

Phuong phép phan tich nhiét (DSC, DTA, TGA)
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CHUONG I:
DAI CUONG VE CAU TRUC NGUYEN TU, PHAN TU

SU TUONG TAC CUA SONG DIEN TU VA VAT CHAT
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I. CAU TRUC NGUYEN TU

History of the Atom Timeline

Modern
Damacritus 460 BC Thomson  Rulherford Bohr Quantum
and Dalton 1803 AD 1897 1912 1913 Cloud Model

post 1830
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Nguyén t& = hat nhan (proton + neutron) + electron ‘

Dién tich:
- Electron mang dién tich am
- Proton mang dién tich duong e @ &
- D0 16n cla dién tich 1,6.101° Coulombs
- Neutron khéng mang dién
Nguyén t&r He

Khéi lvong:

- Khéi lugng ctia proton m,, va neutron m;, déu la 1,67.1027 kg.

- Khdi lvgng clia electron m, 129,11.10-3 kg (c6 thé b qua khi tinh

khoi lvgng nguyén tir)

Kh6i lvgng nguyén t (A) = my, + my,

- Proton dac trung cho nguyén to héa hoc = s6 nguyén tir (Z)

- Neutron xac dinh s dong vi
9/11/2017 10

DBon vi khéi lvgng nguyén t&r - Nguyén tir khoi

Bon vi khéi lwgng nguyén t&r (amu) duoc dinh nghia bang 1/12 khéi lvgng nguyén ti
clia dong vi phd bién nhét clia carbon (A¢ = 12)
lamu=1,66.10%g

Khai lvgng clia C21a 12 amu

- Nguyén t& khéi clia mot nguyén to la trung binh khéi lvgng nguyén tir clia cac dong
Vi ton tai trong tu nhién clia nguyén t6 dé va dugc déc trung bdi amu/nguyén ti hodc
khéi lugng/mol
lamu/nguyén t& (phan t&r) = 1g/mol
S6 nguyén tir hay phan ti trong mdt mol goi la s6 Avogadro N,
N, =6,02.10%

Mat do ctia nguyén t&r n (nguyén tlr/cm3)

=N, X khoi lvgng riéng d(g/cm3)/ khéi lvgng mol M (g/mol)

9/11/2017

Tinh chat ctia anh sang??

Anh séng cé ludng tinh séng, hat
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Pac tinh cda séng

wavelength

Buéc song lakhoang cach gitra 2 dinh song.

Tan sb laso lan séng dao dong 1én vaxudng trong 1

gay.

Van téc song = Budc song x Tan sb

Wavelength and Frequency

1cm

wavelength = 1cm,

frequency = 30 GHz

wavelength = 2em,

frequency = 2 x 30 GHz = 60 GHz
wavelength = ; cm,

frequency = 4 x 30 GHz = 120 GHz

wavelength x frequency = speed of light = constant

14

Dac tinh hat cda anh sang

Hat cha anh sédng goi |a photon.
Mbi photon cé mdt budc séng va mot tan sé.

Nang lwvgng cta photon phu thudc vao tan sé cta né.

CuuDuongThanCong.com

Wavelength, Frequency, and Energy

Axf=c
A =wavelength, f =frequency

¢ =3.00 x 108 m/s = speed of light

E=h x f = photon energy
h=6.626 x 103*joule.s
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Electron trong nguyén tt

Electron chuyén dong xung quanh hat nhan véi ban kinh khoang 0.05 - 0.2 nm

M6 hinh nguyén tir Bohr:

- Electron chuyén dong xung quanh hat nhan trén nhitng orbital gian doan.

- Nang luong clia electron lagian doan.

- Mbi electron c6 mdt gia tri nang lwong x&c dinh va electron cé thé thay ddi nang lvong
bang céch hap thu nang lugng hoac birc xa nang lugng.

- Cac mirc nang lugng nay lién quan dén so do mirc nang lvgng hay so do trang théi cla
nguyén t& vaxac dinh vi tri clia electron trong nguyén t& (orbital dién ti) vanang lvong —

(c&c mirc nang lugng lwgng tir)
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M6 hinh nguyén ti Bohr:
Orbitz| electron ~ > A >
e - Phé vach cta nguyén t&r
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Mb hinh Bohr clia nguyén tir C

Ban kinh cla orbital dwgc phép = n2x (0.0529 nm)
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S6 séng - hang s& Rydberg

soin o1
1 c non

R, — hdng s& Rydberg (R,, = 109677cm™' » 1,1.10" m"")
n:1,2,.. n,>n,
n,=1:day Lyman;
n, =2 :day Balmer;
n, = 3 : day Paschen

20
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Nguyén t&r H: mau nguyén ttr Bohr

Hig e eneny
arbit 3_

& A Ao
| S T
Lowai-2rargy 485 nm
(@) Ebectronic emission transition {b) Balmer series transitions
E, :_2.18x10*18[i2]3 E = Efinas = Ecusit
n Ei = Einitiar = Eqau
AE=E,-E=E,,-E, = —2.18x10'18(12—12}]
n m
E, = nang lvong & trang thai dirng n ”

Cac muc ndang lugng cho phép trong nguyén tir H

E=-2.18x10 18(%)3
n

2 2
2 1

AE = -2.18 x 10 -18[i— LJJ

-18
AE—hn-De 1 208x107(1 1),
1 1 hc n, n;
1 2.18 x10 *J 1 1
| (6.626 x10 "* J.s)(3.00 x10®m/s)( n? n/
:1.1ox107(iz_iz]m1:1_1oxlos(iz_iz]cm 4
n2 1 n2 1

Tuy nhién, md hinh Bohr khong thé giai thich mot s6 hién twgng 1én quan dén dién to.
Do d6 mo hinh co hoc séng dugc dwa ra, trong md hinh nay electron c6 ludng tinh séng va hat

Vi tri clia electron dugc mo ta bdi xac suat phan b cua electron hay dam may dién ti.

w
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Nang lwgng trang thai = - C/n?  vdi Cla hing s6 Rydberg
n=s6lugngtlr, n=1,2,3,4, ...

a a
= 3d -,
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a) Batrang théi nang lwgng dién tlr dau tién clia nguyén t& hydro theo Bohr
b) Trang théi nang lwgng dién ti clia baldp dau tién clia nguyén t&r hydro theo md hinh co hoc
song 2
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SO LUQONG TU

- Céc s0 lvgng tir lakét qua giai pt Schrodinger
St dung mé hinh co hoc séng, mdi electron trong nguyén ti dugc dac trung bdi bon
thong so goi laso lwgng tr (sO lwgng t& chinh n (16p), s6 lugng t& phu | (phan 16p),
s6 Iugng ti tir my (s6 trang théi nang lwong cia méi phan 16p) va moment spin)

- Nguyén 1y loai trir Pauli: khong ton tai 2 electron trong mdt nguyén t& cd cuing céc s6
lvong tlr

Priveipal N, ; Elec ;
Cuantum Shell Nimber Pupiber of Jhectrois
Nmmber n - Desiguaiion Subshells of States Fer Subsiell Per Shell
1 K s 1 2 2
2 T, f I : b
r 3 &
5 1 2
3 M n 3 & 1&
ol 3 1)
5 1 2
. v 3 ] ;
1 N 7, c T 32
7 7 14
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Frinc pal quartum number, n ——=

Phan 16p theo nang luvong: 1s,2s,2p,3s,3p,4s,3d,4s,4p,5s,4d,5p,65,4f, ...

Electron & 16p ngoai cung la electron héa tri - lién két

Electron sé lap day nhitng trang thai c6 nang lugng thap & 16p va phan 16p electron,

2 electron trén mét trang thai (2 spin ngugc chigu nhau)
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So dd cac trang thai nang lvgng dugc 1dp day va chua 1ap day cla nguyén tir Na
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1. Khai niém vé lién két héa hoc

Trong tat ca céac lién két
héa hoc, dién t& dudc

dung chung va chuyén déi |
gita cac nguyén td.

Tai sao cac nguyén td lai lién két véi nhau?

‘ N&ng lugng cla

Thé n#ng cao ‘ i hé giam
Thé nang thap ‘

Hé bén hon
Sy lién két trong phan ti khéong don gian la su ndi két cac nguyén ti. Khi tao
LKHH luén cé su giai phong ning lugng do sy gidm thé& ndng cla hé céac
nguyén ti tuong tac.
Sy gidm thé& nang clha hé la diéu kién tao thanh lién
két héa hoc.

30

D& nhan €
(phi kim)

!

Lién k&t kim A ~ Lién két cong
loai Lle_n ket hoa tri

on

|

D& nhan €
(phi kim)

CuuDuongThanCong.com

A lonic bonding B Covalent bonding C Metallic bonding

32
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Po6 phan cuc cua lién két va do am dién

Trong mot sé lién két cdng hda tri, dién té ding chung
& gan mot nguyén tlé hon so véi nguyén ti khac.
Poi dién ti Ik dung chung thién léch nhu vay dan dén

lien k&t phan cuc.

Su phan cuc cla Ik dugc dac trung bang mdémen

luéng cuc cla lién két (u,).

Mémen Iuéng cuc cla phdn ti bang téng vecto cua

cdac mémen luéng cuc lién két.

D6 phan cuc cta lién két va do am dién

D6 am dién thé hién kna nang hat déi dién ti lién
két clia nguyén td.

Thang dé am dién clGa Pauling xé€p cac nguyén té ti
0.7 (Cs) to 4.0 (F).

Do am dién tang theo chu ky tu trai qua phai

D6 am dién giam theo nhém chinh ti trén xudng dudi.

Thang doé am dién cla Pauling

He
Ne Electroneputivity
4.0
2 2039
2.0-29
K
: 1.0-1.9
0-0.99
Xe
Po At Rn
1 2 13 14 15 16 17 18
L 1
£ n
Tigu08 .1 uy
35
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E.g. F-F (4.0 — 4.0 = 0) is non-polar covalent
H-F (4.0 - 2.1 = 1.9) is polar covalent
LiF (4.0-1.0=3.0) is ionic

H—F' . W

dpale mom e

HF (Hydrofluoric :
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Phan ttr phan cuc la phan ttr c6 mément lwdng cuc

Trong mét phan tlr cé nhiéu lién két phan cuc, mdi lién két cé6 mdt mémen ludng cuc.

Mémen lwéng cuwrc clia phan tir bang téng vecto clia luéng cuc lién két.

Vi du: Phan tir CO, : (_|_ _I_)

= khdng phan cuc

Vi du: Phan t&r H,O:

9/11/2017 37

D6 phan cuc cta lién két va do am dién

Hiéu do am dién gitia hai nguyén ti tuong tac giup

danh gia vé do phan cuc cla lién két:

Hiéu do6 am dién gan bang 0 - Lk cong héa tri khong phan cuc (dién ti Ik
dugc dung chung nhu nhau);

Hiéu d6 am dién gan b&ng 2 - Lk cdng hda tri phan cuc (dién t& |k dugc
dung chung khac nhau);

Hiéu do am dién gan bang 3 — Lién két ion (c6 sy chuyén ddi dién tl).

Khéng cd ranh gidi ré rang gidia cac loai lién két

Pau duong (cuc) biéu dién bang ky hiéu 5+ va cyc am 1a s-.

CAC DANG LIEN KET HOA HOC

Lién két ion: electron dich chuyén tlr nguyén tlr nay sang nguyén tir khac

Lién két cong hoda tri: cac nguyén t&r déng gop electron vao lién két.

Dua vao si khac nhau vé do am dién cla cac nguyén t, lién két trong phan ttr cé

3 loai:
Cong hoa tri khéng phan cuc: ADAD < 0.5
Cong hoa tri phan cuc: 0.5<APAPD < 2.0
lon: ADAD > 2.0

9/11/2017 39
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0 manh cula lién két — Nang lugng lién két

= N&ng lugng can thiét dé phd vé mét lién két goi la
nang lugng (enthalpy) phan ly lién két (ndi), D.
Dp,g>0

Da.g cang I6n thi ndi cang bén.

Td: V6i phan ti Cl,, D(CI-Cl) 1a AH cGia phan tng:
Clx(g) - 2Cl(g).

= DN khac: Nang lugng ndi E gz cla lién két A-B trong
phén ti ABla nang lugng dugc gidi phdng ra khi hinh
thanh phan ti AB tu hai nguyén ti A va B déu & thé
khi. E g < 0.

|E 55! cang I6n thi ndi cang bén.

40
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N&ng lugng lién két

NE&u pha v6 hon mét lién két, nang lugng lién két
thuc nghiém = tri trung binh clia nang lugng phan ly
lién két.
Td: CH,(g) — C(g) + 4H(g) AH=1664kJ
D(H,C-H) = 430; D(H,C-H) = 473;
D(HC-H) = 422; D(H-C) = 339

D(C-H) = %SAH = 14(1664 kJ) = 416 kJ.
Lién két da manh hon lién két don.

Cc—C c=C c=C
D, kJ/mol 344 615 812

Nang lugng lién két

Average Bond Enthalpies (kJ/mol)
Single Bonds
C—H 413 N—H 391 O—H 463 F—F 155
C—C 343 MN—M 163 0—0 148
C—N 283 N—O 20 O—F 180 Cl—F 253
C—0 353 N—F 272 O—{1 203 Ci—{1 242
C=p 485 MN=Cl 200 D=1 2534
C—Cl 323 N—Br 243 Br—F 237
C—Br 276 $—H 339 Br—1 218
C=—l 240 H—H 438 S—F 327 Hr—Hr 193
C—5 259 H—F 367 $—Cl 253

H=Cl a3 S=—Hr 218 I=Cl 208
Si—H 323 H—Br 365 55 266 [—Br 175
Si—8i 228 H—1 293 (o] 151
Si—C am
Si—0 358
Muitiple Bonds
CoC B14 N=N 418 0 495
Ce=(C B39 Ne=N 91
C=N 815 Gmm() 523
CmmN am S 418
C=0 799
C=0 1072

Po6 dai lién két

khodng cdch gia hai nhan lién két truc tiép
Lién két cang manh thi dé dai lién két cang ngan.
= Do dai lién k&t gidm khi bac lién két tang.

c—C Cc=C c=C

r, A 1,54 1,34 1,2
= S0 lién két gilia hai nguyén ti tang thi lién két cang
manh (D 16n) va do dai lién két cang ngan.

CuuDuongThanCong.com

N&ng lugng lién két va do dai lién két

Do dai lién két trung binh cia mét vai lién k&t don, déi va ba

i

e e

Lk

C—C
C=C
Ce=_
C—N
C=N
C=N
CcC—0
Cc=0
C=0

Noi dai (4)

1.54
1.534
1.20
1.43
1.38
1.16

1.43
1.23
1.13

Lk

00 z2Z ZZZ

1
O 00 272

No: dai (A)

1.47
1.24
1.10
1.36
1.22

1.48
1.21

44
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LIEN KET HOA HOC

Co hoc lugng tu gidi thich sy hinh thanh lién
két va cau tric khéng gian cta phan ti nhu
thé nao?

Cac orbital tham gia vao lién két nhu thé
nao?

Thuyét lién két cdng hoa tri (VB)
Thuyét van dao phén ti (MO)

45

c) Lién két don va lién két bdi — Lién két s

vap
Lién két don: A H
- Be = b C
i )—0—‘ ) I 4 l
Beryllium chloride, BaCly Water, 11,00 Methane, CHy

Lién két doi:
[ ﬂ

Llen ket S ! xen pht doc theo truc lién két, mat do é trén dudng
ndi hai tam luén khac 0.

Aromic 1s
orbitals

¢o OO
& —&y —

Ss-s Ssp 47

Carbon dioxide, COy Ethene, C,H, Acetic acid, CH,COOH
Lién két ba:
Ethyne, C5H, N 2 46
Lién két s
2p, 25 Zjr,
\ v’ May dién tif lién két d8i xiing
‘ P quay xung quanh truc lién két.
- i v Trong diéu kién nhu nhau (AO
cung I6p ..) thi dd bén ting theo
day:

Ss.s < Ss-p < Spp

o “ ~  Moilkdon déulalks

48
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Lién két doi - lién két p
2, %, v Lién két [ tao bsi hai AO p dinh
‘ ‘ hudng vuéng géc vdi truc lién két.
v May dién ti lién két p c6 mat phing
déi xung chua truc lién két.
. ]’ v Trong clng diéu kién, lién két p
kém bén hon lién két s.

‘n v Lién két [J chi dugc tao thanh khi

e 00 gitia hai ngtir tuong téc da hinh thanh
F’ mét lién két s.

w-bord 49

Lién két ba: Phan ti N,

nizp,__. 2_{.1.“ i
& 22
Bl x26.2p,)
z
/ o-homd n-bonds
al2p2p,) ’

Lién két tam N—N bao gém 1 lk s 2 Ik .
Trong lién két bdi chi c6 1 lién két s duy nhat

Két luan

= Orbital lai héa la t6 hgp tuyén tinh cla céac
AO.

= Cac orbital tham gia lai héa phai c6 nang
Iugng khéng khac nhau nhiéu.

= Trang thai lai héa la trang thai suy bién.

= S8 orbital lai héa bang sé orbital nguyén ti
tham gia lai héa.

= Cac orbital lai héa mé ta trang thai dac biét
cha ngt’ khi hinh thanh Ik. Lién két tao béi
orbital lai héa bén viing hon Ik tao bdi AO
khéng lai héa.

51

b) Cac dang lai héa

sp, lai héa thang:

—~To hopttctial AOsva1AO p® 2 AO0 lai héa sp

— Truc cla 2 AO lai héa sp ndm trén mét dudng théng

Td: BeX,, ZnX,, CO,, C,H,, ..

sp?, lai hoa tam giac:

—Té hop ttciia1 AO sva 2 AO p® 3 AO lai
hoa sp?

~Truc cla 3 AO lai héa sp? nam trén mot mat
phang, tao géc 120° ® cac AO lai héa huéng
vé 3 dinh cua tam giac déu.

TD: BX;, AICl;, CO,%, C,H,, .. -
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1s+2p ® 3 sp?

~lai hoa sp?

‘ Vo tri cua
orbital

lai hoa sp
\
\
€ ® : >
Vo tri cua
orbital

Phan tU acetylene -van dao lai héa sp

n(C2p,..C2p )
// mC2p, G20 )
. S(Csp—H 15)

(a) (b)
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Phan tu etylen - lai hoa sp? CH, = CH,

P(c2p—c2p)

S(CspZ_ Csz) S(Cspz_ Hls)
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Phan ti etylen : CH, = CH, c4u tric phang

1C:3A0lhsp?+1AOp 1s Csp?Csp? +4s Csp?Hs

2 AO p xen phu tao thanh Ik J (C-C)

Phan tU benzen -van dao lai héa sp?

- Moi C dung 1A0 2s va

S S Hn 2 AO 2p tao 3 AO lai hoa
ollspt spt) - ollspRp?) sp2.
S Ae //o -2 AO lai hoa sp? xen
B 7 phu vdi cac AO lai hoa
sp? cua hai ngté C ben
N y canh tao Ik s(spz-spz)
- \.// £ glq.a C - C ® hinh thanh
vong benzen.

- 1 AO lai hoa sp? con lai

(31

cua nguyen toé C xen phu

vOi AO 1s cua H taogJk
S(sp%s) gida C - H.

Phan ti benzen -van dao lai héa sp?

i 4t

a) Caclks b) Cac AO p

Phan tU benzen -van dao lai héa sp?

= Mdi nguyén ti
e C con lai mét AO
2p.
= AO p thuan tiy
nay xen phu vdi
N ™~ A0 p ciia nguyén
tii C bén canh
/ tao céac lién két
/ p.
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Phan tii benzen — cdu tric céng hudng

Cé 2 gia thiét:
1) 3 Ik p dinh cu (cuc bd) giiia cac ngtli C
2) géc Ik p bat dinh cu trén toan vong benzen
(mai & p dugc dung chung cho ca 6 ngtu C).
Thuc nghiém:
Tat ca Ik C - C trong benzen c6 cung dé dai.
Suy ra: cac Ik C — C trong benzen déu hoan

toan nhu nhau ® Ik p bat dinh cu trong phan
tl benzen.

(Chu y: Ik don dai hon Ik két déi)

61

Phén ti benzen — cau tric céng hudng

/ Cac lién két p
cdng hudng
Pién ti p chuyén
dong trong khap
khéng gian vong

]/ benzen ® Ik p
khéng dinh cu

62

\
>

b) Cac dang lai héa
sp?, lai héa tu dién:
—~Té hgp ttcia1 AO sva 3 A0 p® 4 AO lai
hoa sp?
— Céac AO lai héa sp?® kéo dai huéng vé bén
dinh cua ti dién déu tao cac goc Ik 109,5°.

—4 AO lai héa hoan toan tuong ducng nhau.
Td: CH,, H,0, CCl,, NH,, SiCl,, ..
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/ Lai hoa sp?

Vo tri cua
orbital

.

To dien
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Phan ti CH, - Van dao lai héa sp?

o(Csp3,Hls)

Phan ti C,H4 -van dao lai hoa sp?

o(Csp?,I11s)
H (i \ oH
\ G[szps,Csp3)
\
I."-L \
H o
.~ C c
H
7
H O/ .
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Van dao lai hoa sp3va lién két trong
phan ti NH,

[ y
NHy — H—N—H —= H:

B N
H

Do luc day cla doi dién ti khong lién két nén
cac goc lk trong NH; hai bi nén : 107,3° < 109,5°
(CH,) o7
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Shapes of Molecules

We use Lewis structures to account for formula of covalent compounds.
Lewis structures also account for the number of covalent bonds.

Lewis structures however do NOt account for the shapes of molecules.

Molecules of AB,, have shapes dependent on the value of n

AB, must be either linear or bent: Examples of Linear molecules
Cerbon Dioxide Eerdllum Hydride
»® “e
(o] Cc 0 H Be H
.. ®
180 180°
E : f’a-‘“\. E : (/\
Linear E.P. . Linear E.P. .
Linear Maolecular Geometry Linear Maolecular Geometry
LoJdphak, s A LoJdphak, s A
9/11/2017 Linear - No non-bonding electrons 68
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Linear Molecules have a bond angle = 180° A bent
Bent molecules have a bond angle # 180° B/ \\§ B

AB; most common shapes place the B atoms
at the corners of an equilateral triangle:

Trigonal Planar

Boren Hydride

H

B
H/ \H

The A atom lies in
the same plane as
the B atoms (Flat)

Bond angle = 120°

Trigenal PlanarE. P. G.
Trigonal Flanar Melecular
Gaomat .

i No non-bonding electrons

CoCohd ¢ F00
9/11/2017 69

N ‘Trigonal Pyramidal
- =8|
e .
H « H
The A atom lies above the plane of the B atom.
k\_J H Pyramid with an equilateral triangle as the base.
100

9/11/2017 70

The ideal tetrahedron has a bond angle = 109.5°

Ammenia

VSEPR model explains
‘ distortions of
: molecules
! | ae
: s N .

Tetrahedral Electron

Pair Geometry \
Trigonal Pyramid )

Malecular Geometry
S.Cphadt. 3 20T

The lone electron pair exerts a little extra repulsion on the three bonding
hydrogen atoms to create a slight compression to a 107° bond angle.

Less repulsion is exerted by a bonding pair of electrons because
they feel attraction from two nuclei, while a non-bonding pair feels
attraction from only one nucleus.

Non-bonding pairs spread out more!
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AB, is Tetrahedral

Methans

H 109 5 /’II’
i
‘ . D lil
— £ " H
H \ .
i H/C\'"H

Tetrahedral E. P. ..
Tatrehedral Molecular
Geametry

The carbon has 4 valence electrons and thus needs 4 more
electrons from four hydrogen atoms to complete its octet. The
hydrogen atoms are as far apart as possible at 109° bond angle.
This is tetrahedral geometry. The molecule is three dimensional.
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