Chuwong III: H¢ Thong Tuan Hoan Nguyén son Bach

Chuwong I11. HE THONG TUAN HOAN

CAC NGUYEN TO HOA HQC
|. DINH LUAT TUAN HOAN:

1) Mendeleev: “Tinh chdt cic nguyén to, thanh phan va tinh chdt cdc hop chdt cia
chung bién thién mot cach tudn hoan theo chiéu tang dan khoi lwong nguyén tw cua
cdc nguyén to”.

Theo bang hé thong tuan hoan hi¢n dai c6 mot so6 vi tri khong dung :
39.95, 39.1 5893. . 587 1276. . 126.9
. (o] Ni . Te | e

18 Ar ’ 19 K 2 C ! 28 52 ! 53

2) Theo co hoc lwong tir: “Tinkh chdt cdc don chdt ciing nhir dang va tinh chat cia
cac hop chat cua nguyén to phu thudc tuan hodan Vao chiéu tang dan dién_tich_hat
nhan nguyén twr cua cdac nguyén to”.

II. BANG HE THONG TUAN HOAN CAC NGUYEN TO HOA HOC

1 New 18
I~ Original . Alkali metals Actinide series VIIASS
1 1 2 2 |k
1 H 2 Alkaline earth metals . Poor metals He
Hydrogen 1A Helium
1.00794 . 4.002602
. . Transition metals . Nonmetals =
4 ; 10 2 [x
2 Be Lanthanide series Noble gases Ne
Berylium Neon
012182 201797 L
2 18 2 [v
8 |
3 Mg Ar
Magnesium Argon
4 3050 39.948 L
0 36 2 [v
18
4 Ca Kr % [}
Calcium Krypton
40078 83.798 [
s 54 2 [¢
18
5 Sr Xe # |1
Strontium Xenon
87.62 131.293 [
6 2 86 2 [¢
18 18
6 Ba i) s7to71 Rn 2 |i
arium 2 Radon 8 |F
37.327 (222) L]
8 118 ]
W
7 Ra :Js9to 103 3
adium Ununoctium P
(226) Lol
Atomic masses in parentheses are those of the most stable or common isotope.
Design Capyrght © 1957 Michael Davan com). hitp /. dayah
e
2 59 2 60 261 7 62 763 7 64 265 2 66 2 67 7 68 2 69 2 70 IRz 2
1® 18 18 18 18 18 18 18 18 18 1 13 18 18
Nots: The subgroup nurmbers 1- i Pr % Nd % Z8Sm % Eu = Gd = Tbh % Dy = Ho = Er = Tm = Yb = Lu =
18 were adopted in 1984 by the 2 Pmseoymum 2 Neodymium 2 Promethium 2 Samarum 2 Europium 2 Gadolinium 2 Terbium 2 Dysprosium 2 Holmium 2 Erbium 2 Thulum 2 Yiterbum 2 Lutetum 2
International Union of Pure and 140.90765 14424 (145) 150.36 151964 157.25 158.92534 162.500 164.93032 167.259 168.93421 173.04 174967
Applied Chemistry. The names
of elements 112-118 are the FCT] 792 793 704 795 796 797 78 799 2100 2 101 % 102 % 103 2
Latin equivalents of those 18 18 18 18 18 18 18 18 18 18 18 18 18 18
numbers i Pa 2 U i b i i i 3 bl i E Eit 3 E
m 10 Potctnum 8 Uranum 8 Neptunum @ Plfonum 8 Amercum 6 Cuium '8 Berkelum 8 Calfomium ‘8 Einsteinium g Fermum 8 Mendelevm 8 Nobelum 8 Lawrencium’s
2 23103588 2 23802891 2 (297) 2 (244) 2 () 2 @ 2 @) @ 2 @) 2 @) 2 28 2 (29) 2 (@62 H

Hinh 3.1. Bing hé thong tuan hoan
1. C4c ho nguyén t6 s, p, d va f

a. Cac nguvén td ho s

La cac nguyén to ¢o electron cudi ciing dién vao phan Idp s ciia 16p ngodi ciing.
e ns’: kim loai kiém (1A)
e ns’: kim loai kiém thé (11A)

b. Cac nguyén té ho p

La cac nguyén to co electron cuoi cung dién vao phdn l6p p cua lop ngoai cung
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c. Céac nguvén td ho d

Nguyén son Bach

La cac nguyén td ¢o electron cudi ciing dién vao phan I6p d ciia 16p ké ngoai cung.

e ns? (n-1)d**°: déu 1a kim loai chuyén tiép

d. Céc nguvén td ho f

La cac nguyén to c6 electron cudi cung dién vao phan I6p f ciia hai [op trudc ngoai
cung: ns? (n—2)f 7 déu 1a cac nguyén t& dat hiém.Co 2 ho nguyén to f

e 65°4f 1 lantanid (CK®).
o 75?5f 1 actinid (CK?7).

!

N

0

Actinides

NN
Lanthanides
o Ce

ok

2. Chu ky

e La day cac nguyén t6 viét theo hang ngang sap xep theo chiéu tang dan dién
tich hat nhan , bat dau bang cac nguyén té ho S, két thuc bang cac nguyén t6 ho
p, & gitra c6 the c¢6 (hodc khong) cac nguyén tb ho d, f.(trir CK1 chi c6 2 nguyén

t0 s)

e Trong mot chu ky, tinh chat cic nguyén to bién doi mot cach tuan hoan.

e S thtr t chu ky bang s6 luong tir chinh cua 16p electron ngoai cung (n max),

cling bang s 16p e.

e (C6 7 chuky (3 CK nho va4CK 16n):
-Chu ky I: chu ky dic biét: chi co 2 nguyén td ho s.

-Chu ky II, III: 2 chu ky nho: mdi chu ky c6 8 nguyén t6, gom 2 nguyén to

ho s va 6 nguy@n t6 ho p.

-Chu kp 1V, V: 2 chu ky I16n: mdi chu ky ¢6 18 nguyén t6, gom 2 nguyén o
ho s, 10 nguyén to ho d va 6 nguyén to ho p.

-Chu ky VI: chu ky hoan hao: ¢6 32 nguyén to gdém 2 nguyén té ho s, 14
nguyén t6 ho f, 10 nguyén t ho d va 6 nguyén t4 ho p.

-Chu ky VII: chu ky c6 2 nguyén t6 ho s, 14 nguyén t6 ho f va mot sO
nguyén t6 ho d(néu du 1a 32 nguyén to) Nhu vay bang HTTH c6 tong cong
(2+8+8+18+18+32+32 = 118 nguyén to)

2. Nhom:

e La cot doc cac nguyén to cb so electron o [6p ngoai cung hodc cdac phan lop
ngoai cung giong nhau .C6 3 loai phan nhom :
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a._.Phan nhom chinh (A):

e (GOm tat ca nguyén t0 S va p ¢ ca chu ky nho va lon , moi phan nhém c6 6-7
nguyén to nén cot cao.

e S6 thtr ty phan nhém chinh bang tong s6 e & 2 phan 16p ngoai cung [ns np]:
1A 1A A IVA VA VIA VIIA VIIA
ns' ns’ ns’np’ | ns’np?’ | ns’np® | ns’np® | ns’np® | ns’np’

b. Phin nhém phu (B):

e GoOm tit ca nguyén t6 ho d, chi ¢é & chu ky I6n (4-7) nén cot thip.

e MGJi phan nhom phu chira 3-4 nguyén td, riéng PNP VIIIB c6 9 ngtd.

e Dac biét chira toan 1a kim loai chuyén tiép.

e Trong mot chu ky PNP bét dau c6 & nhom IIIB vi phai sau 2 nguyén t6 s.

e S6 tht ty phan nhém phu duogc xac dinh boi cdu hinh e cta 2 phan 16p cudbi :

o Nhém IB: ns’(n — 1)d* o Nhém VIIB: ns*(n — 1)d’

o Nhém IVB: ns’(n — 1)d? o Nhém VIIIB: ns’(n —1)d *"%*
o Nhém VB: ns’(n —1)d® o Nhém IB: ns'(n—1)d"® *

o Nhém VIB: ns'(n - 1)d° * o Nhém IIB: ns*(n — 1)d"*

c. Phan nhém phu thit ¢ip (phan nhom phu cua phan nhom phu 11IB)

e PNP IIIB c6 14 PNP thu cAp chua tit ca cac nguyén to f, mdi PNP thtr cap co6 2
nguyén t6 f & chu ky 6,7 va duoc goi 1a cac nguyén td dat hiém:

= 6s%4f 11 lantanid.
»  75%5f 1 1% actinid.
3. Ung dung: xdac dinh vi tri cac nguyén té trong bang HTTH:
a. Biét Z:
TD: Ay (Z =19): 1s%25?2p®3s?3p%4s' : CK4, PN IA |, 10K .
A,(Z = 25) : 15725%2p®3s%3p®4s°3d” : CK4, PN VIIB , ,sMn.
As(Z = 35) : 15%25°2p°35°3p®45°3d™%4p° : CK4, PN VIIA | 35Br.

b. Biét gia tri 4 so lwong tir cua electron cuoi cung:

TD: Nguyén tir A, ¢ electron cuéi cing c6 gia tri 4 sb luong tir sau : n =3; £ =2;
1= 0; mg=- % (qui wéc m, tir -€ dén +£ ):

=> Phan 16p cudi cung: 3d° : Ni (Z = 28): 1s°25°2p°3s”3p°4s°3d° (CK4, PN VIII B)
AR
m= -2 -1 0 +1+2

c. Biét cAu hinh electron ciia ion twong ng:

e lon A®*: Phan 16p cudi cung la: 3p°.
=>A: 45> => CK4, PN 15 ( »Ca).
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e lon D*: Phan 16p cudi cung la: 3d°.
=>D: 4s% 3d° => CK4, PN Vllg (;sMn).
e lon E*: Phan 16p cudi cung la: 3d°.
=>E: 45° 3d® => CK4, PN VIllg (5sFe).
e lon M*: Phan 16p cudi cung l1a: 3p°.
=>M: 4s?3d* => CK4, PN IVg (5, Ti).
e lon G™ : Phan 16p cudi cung la: 4d"°,
=>G: 55°4d'%p? => CKS5, PN IV (55n).
e lon X*: Phan 16p cudi cung la: 4p°.
=>X: 45?3d"%4p* => CK4, PN VI, (5:5e).

d. Biét tong spin 2.M;, trong nguyén ti:

TD: Nguyén ttr Q thudc chu ky 4 c6 téng spin Ym, = +3.
Qcé Xmy=+3=>c6 6 ¢ doc than: 4s'3d” => CK4, PN Vlg (,4Cr).

I11. SU THAY DPOI TiNH CHAT CUA CAC NGUYEN TO TRONG BANG
HTTH

1. Tong quan:

Periodic Table & Trends
atomic Radii [ -
Decrease .
lonic Radii [CAtIGRsIT - 208
Electron Affinity ”=I~
lonization Energy iaad

Electronegativity s

-
-

s

L R 2 -

38|28\ @ el oml s«
wz/@e Pelual 243
oz(o

28
e b e

L

e Tinh chat cic nguyén t6 héa hoc trong HTTH thay d6i mot cach tuan hoan theo
3 chiéu: ngang, doc va dudng chéo (khong quan trong):

o Trong mot phin nhém: ciu tric electron héa tri twong ty nhau — tinh chit hoa
hoc twong ty nhau. Tir trén xudng dudi, do sb 16p electron ting — luc hut cia
hat nhan d6i véi e ngoai cling giam:

o tinh kim loai tang, tinh phi kim giam
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o tinh khtr tdng, tinh oxi hoa giam
e Trong mot chu ky: tir trai sang phai, s 16p e khong thay doi, tong sb e 16p
ngoai ciing tang — lyc hit clia hat nhan d6i v6i e ngoai cung tang:
o tinh kim loai giam, tinh phi kim tang
o tinh khir gidm, tinh oxi hoa tang

2. Ban kinh nguyén tir va ion

* Coi nguyén tir hay ion nhu nhitng hinh ciu, hop chit 1a cac hinh cau tiép xtc
nhau. Ban kinh nguyén tir hay ion dugc xac dinh dya trén khoang cach gitra cc hat
nhan nguyén tir tao nén don chat hay hgp chat twong tng (ban kinh hiéu dung R)

—>1 | P

r
Na cl 'Nat Ter-
Metallic radius Covalent radius lonic radius

Copyright © 2005 Pearson Prentice Hall, Inc.

< <

Tcow
=<
.

'vdWa "vdW

Cla(9) 2Ar(s) 2Cl5(s)
Al(s)
(a) Covalent radius, reoy (b) Metallic radius, rmet (c) van der Waals radius, rydw (d) Covalent vs. vdW radii
d =198 pm d =154 pm d =178 pm
=3 = =
-} - ) ]
- ” \\_ -
Cl—Cl Cl—C¢
d _ d _ _
5 =99 pm 5 =77 pm (99pm+77p_m—176pm)
predicted

* Ban kinh hi€u dung phu thudc:
o ban chat nguyén tir
o dac trung lién két
o trang thai tdp hop
a.Ban kinh nquyén tii:
*Trong mot chu ky khi di tir tréi sang phai R nguyén tr gidm do Z tang
o trong chu ky nho R giam ro rét
o trong chu ky 16n do e dién vao 16p ké ngoai cung (n — 1)d 1am tang hiéu tng
chin — R gidm chdm va it déu dan hon
*Trong mot phan nhom chinh, khi di tir trén xudng s6 16p e ting — hiéu Gmg chin ting
— R tang.
*Trong mot phdn nhém phu, khi di tir trén xudng, xu huéng chung: R ting nhung
khong déu dan nhu & PNC:
-Tir CK4 xuéng CKS5: R ting do ting thém mot 16p e
-Tir CK5 xudng CK6, CK7: R hau nhu khong ting do hién twong co d, co f.
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Atomic Radii
300 ‘ ‘
/%ﬁ
Alkali metals Cs
o T ——Rb
250 .
K Period 5
y Period 4 transition
iti elements
200 e transition
le elements A )
& Li , )
3 150 -4 .
2
< b
e Xe
Kr /
100
s Ar /
Ne
” _‘l /
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0 | |
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Atomic number
Copyright © 2008 Pearson Prentice Hall, Inc.

Hinh 3.4. Bién doi ban kinh nguyén tir theo chu ky va nhém.

b.Ban kinh ion:

e R T khi lyc hat cta hat nhan déi véi e ngoai cung ¥

Ma: . Nén:

4 I’\ - r. Z
luc hut doi1 voi le ~
2 e
R cation < R nguyén tir < R anion
D041 voi cation ctia cung mot nguyén to: R gidm theo chi€u tdng dién tich ion

(@)

o
(R Fe2+ > R pea+ ; R sn2+ > Rospas )
o Ddi véi cac ion trong cling phan nhom c6 dién tich ion giong nhau (ciu triic
e twong tr nhau) R ting theo chiéu ting dién tich hat nhan Z
(Riir <Rna+ <Rt <Rppe <Rcst ) ; (RE <R <Rg.<Ry)
o Bdi véi cic ion dang e (cau tric e gidong nhau) R ion giam theo chiéu tang Z
hay theo chiéu tang s6 oxy hoa.
(TD: R chudi ion ding e c6 10 e: N*>0% >F > Na">Mg* > AFF")
An isoelectronic series of ions
MNat M52+ AP+
& & @ 6 %
Tonic radius (A) 1.71 1.26 1.19 1.16 0.85 0.68
Mo. of electrons 10 10 10 10 10 10
MNuclear charge +7 +8& +a +11 +12 +13
14
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Atomic radii

]::E He

L
0.37 031

MNe
W @ ® © ® o e o
152 1.12 08 077 075 073 072 07l
e e 6 @
1.86 1.60 143 1.18 L1 1.03 1.00 0.98

:®
®
:®
®
®
®

g
e
s

112

227 L7

T s L&T 140 142 133 L3l
l:!‘..-&j 227 1.70 1.48 1.50 168 1.40 1.41
Lit Tonic radii
Belt
o 9 e
0.90 1.19
1 v L8
Mgz A+
@ o p ©
0.85 0.58
L16 170 167
Ca’* Gﬂ!+
© O )
0.78
1.14
L.32 134 la2
In+
& © )
0.04
L66 1.32 . 207 206
Bt o 7
1.03 2
1.81 148

Hinh 3.5 : Bdan kinh nguyén tir va ion cdc nguyén té phdn nhém chinh.

3. Ning lwong ion héa I: dic trung cho kha ning nhudng e cia nguyén tir, thé hién
tinh khtr hay tinh kim loai .
e Ning luong ion héa I 13 ning luong cin tiéu ton dé tach mot e ra khoi nguyén
tir & thé khi , c6 1ap va khong bi kich thich thanh cation twong (g & thé khi.
X(K)+ 1, =X"(K)+e.
X*K) + =X (K) +e...
e I cang nhé nguyén tir cang dé nhuwong e, do d6 tinh kim loai va tinh khir cang
manh.
e Trong mot chu ky tir trai sang phai nhin chung I ting dan do Z ting dan.
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First lonization Energies

l

Noble gases
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2000 —
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Copyright © 2008 Pearson Prentice Hall, Inc.

Hinh 3.5. Bién doi nang lwong ion héa

50

e Trong mot phan nhém chinh khi di tir trén xuéng I giam do s 16p e ting —
tang hiéu ung chan.
e Trong phdn nhém phu khi di tir trén xudng, I tang.
Gidi thich: PNP co dic diém: e dugc dién vao phan 16p d ciia 10p ké ngoai cling, con e
16p ngoai cing ns” khong thay déi. Do do:
+ 7 tang rat nhanh — tang lyc hat hat nhan dén e ns® & 16p ngoai ciing
+ Cac AO (n — 1)d c6 tinh dbi xtng khac han AO ns nén hiéu tmg chin hiu nhu
khong tang — tang hi¢u img xam nhép cua cac e s cuia 16p ngoai cung.
e Ngoailé:
+ Néu tach e ra khoi mét cau hinh e dang bdo hoa thi kh, I ting lén bdt thurong.
+ Nguoc lai, néu tach e xong dat dwoc cau hinh e bédo hoa thi dé, I giam.
TD: ly(la: ns?) > Ii(Ia: ns” npt) 5 13(Va: ns” np°) > 1y(VIa: ns® np?).
e Cach tinh Il:

z z
e 1= E,-Eymx=0- (136 n—zeV):13.6 n—zev_

5.Ai lue electron F: dic trung cho kha niang nhan e ctia nguyén tir , thé hién tinh oxi
hoa hay tinh phi kim.

-400 -

Electron affinity (kJ/mol)
o
s

R LEIRAY
100 N | MgAr| Mn Zn Kr Cal Xa |
0 10 20 30 40 50 60

Atomic number
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Hinh 3.6. Bién déi di luc electron F

o Aiﬁ luc e F 13 ning lugng phat ra hay thu vao khi két hop mot € vao nguyeén tr §
thé khi, co6 1ap, khong bi kich thich thanh anion twong trng ¢ thé khi.

X(k) +e =X(k), F1 = AH (< 0: phat nhiét ; > 0: thu nhiét)
e F c6 gia tri cang 4m thi nguyén tir cang dé nhan e, do d6 tinh phi kim va tinh
oxi hoa ctia nguyén to6 cang manh.

e Ailyc e cua X = nang lugng ion hoda cua X nhung nguoc dau:
E

X I X

a. Do am dién y( khi): dic trung cho kha ning hut mat do e vé phia minh khi tao lién
két v&i nguyén tir cua nguyén té khac.

e Nguyén tir cia nguyén té c6 do am dién 16n hon s& hut e vé phia minh khi
tuong tac voi nguyén tir cua nguyén to khac ¢6 do am dién nho hon

e (6 nhiéu cach khac nhau dé xac dinh d6 am dién.
e Trong mdi chu ky khi di tir trai sang phai, nhin chung d6 4m dién ting Ién.
e Trong mdi nhém khi di tir trén xudng, d6 4m dién giam.

* Chu y: d0 am dién khong phai 1a dai lugng ¢6 dinh cia mét nguyén t6 vi nd duoc
xac dinh trong sy phu thudc vao thanh phan cu thé cua hop chat.

b. Héa tri va so oxi hoa ciia mot nguyén to:

e Hba tri ciia modt nguyén t6 13 s6 e cia mdi nguyén tir nguyén td d6 da bo ra gop
chung trong lién két cong hoa tri hay da cho nhan trong lién két ion.

e S0 oxi héa ciia mot nguyén td 1a dién tich hinh thirc (khong phai dién tich that)
cia mdi nguyén tr nguyén t6 d6 khi qui udc rang tat ca lién két xung quanh né
déu 1a lién két ion bang cach cho nguyén tir ¢6 d6 am dién 16n hon hat e tich
dién am va nguoc lai.

o SO oxi héa dwong cao nhét cia mot nguyén té = sd thtr ty nhom (trir cac
nhom: IB, VIIIB, VIIIA)

o S6 oxi hoa 4m thp nhit cta phi kim = sb tha ty nhém - 8
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