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2.2.1. Hinh thanh lién két ion Giai doan 1:

+ C&c nguyén tU sé chuyén electron hoa tri cho nhau,
cac nguyén ti cho electron sé bién thanh ion duong,
cac nguyén tii nhan electron sé chuyén thanh ion
am.

=oirning onic _ o
bonc { = (L0853 N

r=0.06 nm

r=0.181 "m
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2.2.1. Hinh thanh lién két ion Gial doan 2:

« Cac ion trai dau sé hut nhau thanh cac phan ti ion néu
0 trang thai khi.

« O trang thai rn (tinh thé) phan td tén tai dudi dang
phan ti lién hgp khéng 16.

+ O trong dung dich phéan ti ion bi phan ly thanh céac ion
trai dau.
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Sodium chloride (NaCl!
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2.2.1. Hinh thanh lién két ion Luu y

+ Ban dau céac ion hat nhau nhung khoadng cach ngan
du dé cac electron I6p ngoai clia 2 nguyén ti day
nhau thi sé cé dugc moét khoang cach can bang r
gira 2 ion

>

4 Maionization anergy) - Cljelectronegaliiity)
R 5.14eV - 3.62aV = 1.52 eV
= .
Sop \ A Nl
% T o2 04 06 08 10 12
s 0 r{nmj
5 - The zero of energy
g2 rapresents
& =34 r=autral Na + Cl

4
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Lwc hut gitra hai ion

IONIC BONDS ARE BASED ON
ELECTROSTATIC ATTRACTION
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2.2.2. Tinh chat cta lién két ion

» Cac ion dudgc xem nhu la
cac qua cau mang dién nén
c6 2 tinh chat la:

#  Tinh khéng dinh hudng.

+»  Tinh khéng bao hoa.

Céac tinh chat nay giup lién
hgp cac phan ti ion thanh
phan t lién hgp khong 16.

- 4 —a_| N
’ r 1 ﬂ
o n 4
cl N Scia-l
/] { )J
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Transfer of electron j
)

Chilorine (G1=1)
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2.2.3. Kha nédng tao lién két ion clia cac nguyén td

Mat do electron giita cdc nguyén t khong bao gid bing
khong — khong bao gi c6 LK ion thuan tuy.

Trong LK 10on ludn ¢6 mdt d6 cdng hoa tri nao do

Kha ning tao thanh ion cia nguyén tu:

Ay Boi1on (%) Ay |Pdion (%) Ay |DP06 i1on (%)

0,2 | 1,4 39 2,6 82
0,6 9 1,8 55 3,0 89
1,0 22 2,2 70 3,2 92
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Chuyén tir lién két cong hoa tri sang lién két ion

NacCl
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P6 am dién cha cac nguyén to

electronegativity increases as:

. we move from left to right within a period ,
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»>Cac nguyén td thudc phan nhom IA, IIA va VIIA dé
tao thanh hgp chat lién két ion v3i nhau hon ca.

»>Su chénh léch vé do &m dién clila cac nguyén to: su
chénh |éch cang I&n thi d6 ion cang IGn

Pure covalent

HE ] ] C '
C-Fe ]
Mg W ” lonic
c-H , O-H =
Cly 4 Polar covalent i HsF

C-0 & Li-C®s I NaCle Ca-Oe

Na-S o ¥

0.0 05 1.0 1.5 2.0 2.5
Difference in Electronegativity
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2.2.4. Su phan cuc ion

Khi cac ion hut nhau — chuyén dich xay ra manh
nhat 8 dam may electron I6p ngoai cung, tic ching
bi léch so vd&i tam hat nhan cla chinh ion.
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2.2.4. Su phan cuc ion: (1) Dinh nghia:

La su dich chuyén vi tri ddm may electron so V4
nhan cta mot ion nay dudi tdc dung dién trudng cua
mot ion khac

lon c6 dam may electron bi bién dang goi la ion bi
phan cuc.

lon tao dién truéng tac dung Ién ion kia goi la ion
phan cuc.

https:77b.com/tailieudientucntt
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(2) Cac yéu té anh huong dén su phan cuc ion

lon bi phan cuc cang manh khi lyc hut gitra hat nhan
va electron I6p ngoai cung cang yéu. Luc hut nay phu
thudc vao cac yéu to sau:
Pién tich, kich thudc va cau hinh electron clia ion
»  Cung modt phan nhém (cau hinh electron 16p ngoai
cung giong nhau), khi dién tich nhu nhau, di tu trén
xuéng ban kinh ion tang Ién — I6p electron cang xa
nhan, hiéu ung chan cang manh — luc hut hat
nhan, electron héa tri giam — nén dod bi phan cuc
sé tang.
Thi du: DO bi phan cuc tang theo trinh tu
Li* < Na*t < K* < Rb* < Cs*
F-<Cl-<Br <I-
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(2) Cac yéu té anh huong dén su phan cuc ion

~ NE&u dién tich nhu nhau va kich thudc gan bang
nhau thi cac ion c6 cau hinh ns2np® bi phan cuc it
nhéat va cau hinh ns2 (n — 1)d'° np® bi phan cuc
nhiéu nhat

CuuDuong ThanCong.com https://fb.com/tailieudientucntt



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

(2) Cac yéu té anh huong dén su phan cuc ion

lon phan cuc cang manh khi tao ra dién trudng
cang manh.

> Khi dién tich ion tang do phan cuc tang

~ Khi cé cau truc electron va dién tich nhu nhau
khi ban kinh ion tdng lam giam tac dung dién
trudng, kha nang phan cuc giam

Thi du: Kha nang phan cuc kim loai kiém giam:
Li+ > Na* > K* > Rb+ > Cst
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(2) Cac yéu té anh huong dén su phan cuc ion

Cation Anion

L&n, thudng 1a 10n b1

bo bi phan , . phin cuc.
cuc Nho hdn anmion 1 7o khi kich thudc
tang
L&n, thuéng 1a 1on
phan cyc
P06 phan cuc| - Tang khi dién tich Nho hon cation

tang va kich thudc
giam
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(3) Anh huéng cta su phan cuc ion dén tinh
chat cac hgp chat ion

< Sw dién ly: Phan cuc lam xuat hién d6 cong hoa tri trong lién
kétion, lam gidm kha ning dién ly

<» D¢ bén: Phan cuc lam ting do cong hda tri — gidm dién tich
hiéu dung cac ion — giam lyc hiit tinh dién giira cac ion —»
dd bén tinh thé gidm — ning lugng can d€ ph4 hly tinh thé
gidm — nhiét d0 phan ly, nhiét do néng chdy ctia hgp chat
ion giam.
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(3) Anh huéng cta su phan cuc ion dén tinh

chat cac hgp chat ion
TABLE &2 Lattice Energies for Some Ionic Compounds

Lattice Energy Lattice Energy

Compound  {(k]/mol) Compound (I Jimnol)
LiF 1030 MMzl 23726
LiCl &ad Sricl, 21287

Lil el

INaF 210 MegO 2755
INall 788 Cald 2414
INaBr Fad Srid 2217
INal b2

KE &08 S FhdY
K1 701

KEr b1

(Zs(C] b7

(sl o0
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(3) Anh huéng cta su phan cuc ion dén tinh
chat cac hgp chat ion

Chat LiF | LiCl | LiBr | LiI
Nhiét néng chay
oo 348 607 550 469
Chit MgCO, | CaCO, | SrCO, | BaCoO,
Nhict g chay 1 600 897 | 1100 | 1400
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(3) Anh hudng clia su phan cuc ion dén tinh chat cac
hgp chat ion

Do tan: Kha ning hoa tan chit ion phu thudc vao:

>  Ning luong mang tinh thé (U)

» Ning lugng hydrat héa cua cation (E,).

» NéuU>E, » mu6i khé tan va ngudgc lai.

»  Khi phin cuc lam giam nang lugng hydrat hda

Mudi | CaSO, | SrSO, | BaSO,

botan | ¢ 103 | 5104 | 1.10°

(mol/l)
U

(kJ/mol) 2347 2339 2262
By 1703 1598 1444

(Kj/mol)
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2.3. Lién két hydro

2.3.1. Khdi niém, bdn chit cia lién két hydro:

Khi nguyén t hydro lién két véi cac nhom am dién,
cap electron dung chung c6 khuynh huéng chuyén
manh vé phia nguyén t{ kia, do do hydro cé thé xem
tich dién ducdng (H?%*) goi la hydro linh déng.

Céc tif cac nguyén té cé do am dién Ién (F, CI, O,N,
S...) hay cac nguén dién tlii = (lién két bdi, nhan
thom...) dugc goi la cac ngudn du dién tl, do do co
thé xem chung tich dién am X

CuuDuong ThanCong.com https://fb.com/tailieudientucntt



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

2.3.1. Khai niém, ban chat cua lién két hydro:

La lién két dac biét cla céc nguyén ti hydro linh
déng van con lién két thém dugc v4éi cac ngudn du
dién cla phan ti khac (lién két hydro lién phan td)
hay nguyén ti khac trong chinh phan t& dé (lién két
hydro ndi phan ta).

Ban chat lién két hydro la lyc hut tinh dién gitia H%*
vGi cac nhom tich dién am Xo-
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Hydrogen bonds
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Dang lién két hydro

Chiéu dai lién k&t

(Angstrom)
O-H - O 2.63
O-H - O 2.70
O-H -~ N 2.88
N*-H - O 2.93
N-H - O 3.04
N-H- N 3.10
lone pairs

T
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(1

'D DEFINITION: A HYDROGEN BOND is the / .8

F.
g ... weak electrostatic attraction / 8
\ \ BETWEEN H

Hydrogen bonds
f a hydrogen atom covalently bound . ai
to an electronegative element F' 160°
: AND
.9 the lone pair on a covalently o3

bound electronegative element

el e
(8 one
' or on a negative lon. \/ FO

FIG 4.5 Hydrogen bonding in H
Nydroqen fluorlide. ’

’
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2.3.2. Tinh chat:

Lién két hydro la lién két yéu E = 8 — 40 kd/mol.
Lién két hydro cang bén khi X% c6 gia tri > cang

IGn.
Chat Chat
cho nhan
- O H e o o N -

2.88 A"

CuuDuongThanCong.com

Chat Chat

cho nhan

- N - H e 6 o o O-
3.04 A?
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histidine glutamine/asparagine
/ T 1
H H H -H,C
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hydrogen bond donor —
hydrogen bond acceptor .+
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2.3.3. Anh huéng cua lién két hydro dén tinh chat
phan tu

_—Protein Protein—_
‘A n N NH
Lién két hydro lam |
o ‘A A A —CH,—OH #++ 0=C—CH,—CH,— Hydrogen
tang nhiét do sol, bond
' A n z 2 —CH;—CH;—NH;™ 0O
nhiét do nong chay, \C—CH,—CH,— lonic
clia cac chat cé lién o/ iy
két hydro, lam giam —CHz,_
dé acid cua dung e
dich, lam tang dé tan e
AT \/2 A CH3—CH—CH;— Hydrophobi d
trong dung moi va co : F ol
vai tro trong sinh hoc, —fHE g T
giup tao cac cau truc Gha <,
bac cao cho glucid, A
—CH,—C "H:N—CH>— lonic bond

protid... N
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B.pt " ///,‘pr
Cl) o / *
-10o e
-150 &

Hg
=200
100 \HEG
B.Pt o X
*C) g
40 HF\‘\\ ~ ethanol CHzCH2OH
zgi\ ,\ MaTe #EiHz
-20 NN - %
Y GEERNRY
N ges HI
-&00
=0 > gy Br methoxyimethanes CHszDCHs
100 PH
ethanol ( Co6 lién két hydro) 785C

methoxymethane (Khéng cé lién két hydro) -24.8C
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2.4.Lién két Van der Waals

Gilia cac phan ti do chuyén ddng cla céc electron
trén céc orbital phan ti cé thé xuat hién cac luc sau:
Tuong tac dinh huéng: La luc hut tinh dién giGia cac
cuc tich dién cua cac phan tu ludng cuc.

Tuong tac cam uUng: La luc hat tinh dién gitia cuc tich
dién cla phan tu ludng cuc vdi ludng cuc cam Ung.
Ludng cuc cAm Ung xuat hién khi mot phan ti luéng
cuc lai gan mot phan tl khéng cuc sé lam phan ti
khong cuc bi “cam ung” .

Tudng tac khuéch tan: La luc hat finh dién gilia cac
ludng cuc nhat thdi xuat hién cda cac phan tid khdong
cuc va ca co cuc.

K&t hgp cé 3 tudng tac trén, gilia cac phan ti sé tao
thanh 1 lién két goi la lién két Van der Waals.

CuuDuong ThanCong.com https://fb.com/tailieudientucntt



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Atom - A Atom - B Ty Q a

COL D Phan ti Phan ti

? 4 atracton @ khdng cuc ludng cuc

High density High density
clouds clouds
I @D & I < Gy &
e e - - @ 0 @l @ €L @l
i i > & “»
original Emporary induced dipols EE_"_:’ {Ej {E} {E) {E:’
dipole

Tuong tac dinh huéng

> < > @

Tuong tdc cdm Gng Tuon@'tdc khu€¢h tin
iz — 2% = 4e{{3)? — (Z)")H{R — Roy) trumeation
fvpw(R) = fﬁf - %) SW (R, Ron, Rojy) switched
Crep(maz(0, (k" F Rmin)" <F — RT<F))™"P  repel
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2.4.Lién két Van der Waals

® 2.4.2. Tinh chat:
Ban chat lién két Van der Waals la
lién két tinh dién.
Nang lugng lién kétnhd E=1 -2

kcal/mol Helium -269 C

Krjong chon loc va khong bao hoa Neon 246 C
Co tinh cong

e 2.4.3. Anh hudng clia luc Van Argon  -186 C

der Waals: Krypton -152 C

Ta,o §u lfhéc nhau gitia khi that va Xenon -108 C
Khi ly tuong.

Gilp cac chat dé héa l1dng, hoa ran, Radon -62 C

hoa tan, hap phu ...
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[xubane CHy3—CHa—CH2—CH3 BE.PL -0.5°C

2-methy propans CHz—CH—CH3 B.FC -11.7°0C
CHs
athane % EPE 1845k EIE_
&+ - E.|.
flusrometha ne & EPC 194.7K E.-I-EE_'"
5 f" e B
| c 4 cl
petmansnt dipole Cl
CHCI, 61.2°C
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2.5. Cac tinh chat cta kim loai

2.5.1. Cac tinh chat clia kim loai:
Khong trong suodt
Co anh kim
Dan dién tét
DAn nhiét tot
Déo
— Khéng thé gidi thich theo cac kiéu lién két da néu
trén
— Cach giai thich la nguyén khoi nguyén ti & trang
thai dac biét goi 1a trang thai tinh thé kim loai
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2.5.2. Cau tao kim loai va lién két kim loai

Kim loai néi chung c6 cdu tao dang ran & diéu kién
nhiet do va ap suat thudng. Cac nguyén ti kim loai
Sap xep trat tu theo quy luat xac dinh goi la mang
tinh thé kim loai
Nguyen ti kim loai c6 kich thudc I6n — electron hoa

tri nam xa nhan— lién két yéu dé bi bt khdi nguyén
tu.

Mang tinh thé kim loai gém:
> Nhiing ion dudng c6 dinh & nit mang

» Nhu’ng electron héa tri bt ra khoi nguyén tu
chuyén ddéng hén loan trong toan mang tinh thé —
Khi electron

— Kiéu lién két rdt nhiéu tdm c6 dé khéng dinh ché
rat cao — lién két kim loai
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electron sea
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2.5.2. Cau tao kim loai va lién két kim loai

Sodium chlzride ("rock sal™)

Calcium fluoride {fluorite) CaF,

(primitive or simple) cukic
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2.5.3. Ly thuyét mién nang lugng va cau tao kim loai.

Giai phuong trinh s6ng Schrodinger cho hé 1023
nguyén tU theo phudng phap OM — Xem tinh thé kim
loai nhu mdt nguyén t rat I6n cd 1023 tam

Hai OA t6 hdp v&i nhau thanh 2 OM cé muc nang
lugng khac nhau

N&u c6 n OA tham gia t6 hop sé c6 n OM cé muc
nang lugng khac nhau. Néu n rat I&n thi cac muc

nang lugng rat gan nhau (chénh léch khoang 10-

22eV)tao thanh cac“mién ndng lugng” dudc xem
nhu la giai nang lugng lién tuc
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2.5.3. Ly thuyét mién nang lugng va cau tao kim loai.

» Tudng ung vG@i cac trang thai nang lugng s,p,d,f..
trong tinh thé kim loai s& hinh thanh cac mién nang

Iuong S, p, d, f Mest antibonding

Intermediate
. arbitals

Orbital Energies for an NV Atom Solid

Iost antibonding . ] i r
e — — r

— — } R/ I iMest bending
.-’! I . _-’ -r-'_- '_
? H ,x"'_’ _— — — p orbitals
I.ﬁ 'FI ,"_; —_— g /—
— — — — A .
_{". \ — \“\—. — Most antibonding ;
l.‘ul .".‘_‘\ \—~\. N \\_“.-"'. I|I — | T
IIII .\\‘ ., o \—.‘ '—III |III I._
N .
—_— . ——— ~—— W ;
Mostbondng " —— — . " "o 8 ¢ Intermediate
- orhitals
1 2 3 4 5 =3 7 8 g 1M N 12 ..20... =

N

v orbitals
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2.5.3. Ly thuyét mién nang lugng va cau tao kim loai.

Trong mién nang lugng, cac orbital trai déu trong
toan bo tinh thé kim loai va cling cé day du cac tinh
chat gibng cac OM

Cac electron phan bd trén cac orbital cla mién nang
lugng theo cac quy luat gibng nhu trén cac orbital
nguyén t& gom: Nguyén ly viing bén; Nguyén ly
Pauli; Quy tac Hund

Mién nang lugng chtia cac electron hoa tri dugc goi
la mién hoa tri.

Mién nang lugng khdong chia céac electron nam trén
mién hoa tri goi la mién dan

Né&u mién hoa tri va mién dan khéng che phi nhau,
khoang cach gitia hai mién goi la mién cam
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2.5.4. Ap dung thuyét mién kim loai giai thich cac
chat ban dan, cach dién va dan dién.
a. Kim loai
Trong kim loai, mién hoa tri va mién dan che ph
nhau, khéng cé mién cam

Mién hoa tri cGa kim loai cé thé dugc dién day hay
khong dudgc dién day electron
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Electron Occupation and Fermi Level

Empty band

Energy ——m

Ferm
level

Energy —»

Empty levels
Fermi level

Occupied levels
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Elements 1n Metals

B G
1 4
L4 e v o]
11 1z
Nal g P [ |
e e 21 oz z3 o4 o5 o5 T =1
K ||Ca|| S ||Ti||V ||Cr||Mn||Fe||Col||Ni ..
i L) w L 41 4z 41 44 q45 . g1
Bh| | Sr|[Y | [&r]|| Nb| |Mo||Tc | |[Ru| [Eh| | Pd sh .
oL SE ST TZ T I [ e T ™ 21
Cs|(Ba|[La| |Hf||Ta|| W | |Re|[Os||[Ir || Pt Hi .
ar a2 o
Fr ||Ra||Ac
=T =3 oo H E1 EZ El Ed ES EE ET 3 - ™ T
La|(Ce||Pr ||Nd| |Pm||Sm]||Eu||Gd| |[Th||Dy| |[Ho| | Ex | [Tm| |Yb||Lu
o oG =g | =k o1 o o o a7 o3 o 1045 1G1 16z 161
Ac||Th||(Pa|(U [|Np||Pl]||Am| [Cm| Bk||Cf||Es IF:m d| [No||Lr
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IZ
<

AX

Céc kim loai nhém IA c¢6 ciu hinh electron ns!
# —> Mi€n hoa tri la mién s chi dién day mot nura
Mién dan bao gom ntra mi€én hod tri s con trong va mi€n p

)Ny

+ — Mién dan va mién ho4 tri che phi nhau, dudi tic dung cla
dién trudng, cic electron tif mién hod tri rat d& chuyén Ién
nhirng orbital trang thai nang lugng cao hdn mot chut, tao
thanh dong electron ¢6 hudng, kim loai ¢6 tinh dan dién.

Ma 2 Na 3Ma 4 Ma MMa
5 AD MO OIS OIS OIS
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Cac kim loai nhém IIA c6 ciu hinh electron ns2 — Mién ho4 tri 13
mién s dugc dién day electron, mién din 1a mién p. P61 véi céc
nguyén t& dau chu ky, chénh léch niing lugng giita ns va np nhd
— mién din va mién ho4 tri che phd nhau, dudi tic dung cta dién
trudng, cdc electron tif mién hod tri dé chuyén 1én nhitng orbital
trang thai nang lugng cao hon mot chut, tao thanh dong electron
c6 huéng, kim loai c6 tinh dan dién.

Mg 2 g % Mg 4 hig
4 "sp hybrid® 8 MCs 12 MOs 16 MOs 4n MOs
A 4 bonding

4 antibonding
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LIEN KET HOA HOC VA CAU TAO PHAN TU

2.5.4. Ap dung thuy&t mi€n kim loai gidi thich cdc chit bidn dan,
ciach dién va dan dién.

b. Chdt cdch dién

<*Mién ho4 tri di€én day electron

<*Mién din cdch mién ho4 tri bing mi€n cAm c6 DE 16n — dién
trudng thudng khong di ning luong kich thich electron chuyén tir
mién ho4 tri sang mién din — khong thé din dién dugc — chat
cach dién
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2.5.4. Ap dung thuy&t mié€n kim loai gidi thich c4dc chit bidn dan,
ciach dién va dan dién.

c. Chdt bdn ddn

<*Mién hod4 tri di€n day electron

<*Mién din cdch mién ho4 tri bing mi€n cAm c¢6 DE khong 16n

— Khi kich thich bing cdch d6t néng, chi€u sdng hay pha thém

mdt it nguyén té khdc — electron c6 thé chuyén tir mién ho4 tri
sang ol — c6 thé din dién dugc — chit ban din

. il Flements in Semiconductors .
L [Be s |[c | 1 [o| S 8
[Na) fig] PRI |
N (R [ ) R R (2] (ol e s [ I
5 . o 5
[ I ) ) I I 5| ] [ (at] [Ra
Fr | [Ral [c]

[La [Ce] e (| Bonl (S [ [l (o] [ [P [ | P ]

(e [Tn] [fa [ | ] (o | R o (B [ (B | Fin] Bl o[£
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Band Structure of Various Types of Sohid

Empty band

Energy —

Eneargy ——m»

Empty levels

Farmi level

Cccupied levels

Metal Insulator

-
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Ermergy

o
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_ Farm
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Semiconductor
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The Nomman Tiiangular Diagram of Bonding

Electronegativity = Percentage
Difference lTonic Covalent
Ay = s = ol CsF
300 —
—25%
2.00 -
— 50%
10 - CsSn [y
BeH—_»
@
StMg BH;
Li® Be B*H, CBr, N, O, \FE
0.00 — , @ = = = — 100 %
0.75 1.00 2.00 3.00 4.00
Metallic Absolute Electronegativity Covalent
EX = (Xa+ Xb)
2

N.C. Norman, Perniodicity and the s- and p-Block Elements, Oxford Chemistiy Primeis,
51, p57 (1997)

Allen J.Am.Chem.Soc. (1992), 114, 1510) Jensen J.Chem.Educ. (1995), 72, 395)
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Main Group Elements & Revised Pauling Electronegativity

Captured from Excel
35 1 Cl' AL lonic%Covalent
sk 90 —— 10
34 Ce.0 \.LiF
$ H 4 25
Elect tivity % . o
e%{gma::ev o CsCl '~L|20 ’Ber
Bt = bte= %l CsBr '\
’\ __*BeO ‘.BF_;
c Cs,S ‘LIBrQ JHE 0 4 50
‘\ o $3:0; CF,
s CHy ¥ Bepo’e e
AN
1 CSS“‘$ 0‘&&0 ‘Cog.Q : 25 —+ 75
0‘ 7 CHQ‘\ 0 ® 0° OF,
058 ) N ML: ,.QBl'h’ %, ".N ® -
s W
Jaflte . a0 S8 A . o o | .

Cs Li Be B H, C BN, O, F, fonic Covalent

08 1.1 16 21 28 31 38 41
Me[al ] iC Absolute Electronegativity Covalent
}':Z iY ("‘.l + Zh}
2
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lonic

Metallic Metallic  to Covalent Covalent
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lonic

The Jolly Triangle
rotated from CMI to MIC

W.L. Jolly, Modern 0
Inorganic Chemistry, Na,O CsF
McGraw-Hill, 1985

Na;P BeO LiCl

Na;Bi MnO MnO, BCI;

CuZn UH. TIBi BN BrCl

Na Sn Si Se [ Cl,

Metallic

Covalent
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Metallic
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The van Arkel Triangular Diagram of Bonding

ionic bond
(CsF)

* (Sn)

homopolar or 12 (Te) (AS) " metallic bond
covalent bond

van Arkel, A E., Molecules and Crystals, Butterworths, London, 1949, p205
first published in Dutch in 1941
(after Jensen J.Chem.Educ. (1995), 72, 395)
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