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General Electronic Configuration and Oxidation States of p-Block Elements
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GROUP 13 ELEMENTS: THE BORON FAMILY (g 13 & dcd : IR URAR)

1. The outer electronic configuration of these elements is ns? np! (4¥g-13 & dcdl BT aTeN

goaeI-d [N ns? np? gl
2. Aclose look at the electronic configuration suggests that while boron and aluminium have noble
gas core, gallium and indium have noble gas plus 10 d-electrons, and thallium has noble gas plus

14 - electrons plus 10 d-electron cores. (3/d: U TG & ddl b $€1§Ti'\1d> [CRIR K ?ffﬂ'ﬂ\_s'
& dfd BT a1 § (G Theb -10 § faaferd fvar man ) it wfea g 21)

Atomic Radii (GRHTY] A=)

1. On moving down the group, for each successive member one extra shell of electrons is added

and, therefore, atomic radius is expected to increase. However, a deviation can be seen. (dHg
T a9 R T HHNT Uew § gl &1 U B Sisdl § 13fd: TRATY] et &1 3fg
Tuifad 17 & STacd faae <aT off gear gl




2. Atomic radius of Ga is less than that of Al. (Ga arﬁuwulﬁw Al ﬁquﬁwaﬁgamﬁ

FHAS )
3. This can be understood from the variation in the inner core of the electronic configuration. The
presence of additional 10 d-electrons offer only poor screening effect for the outer electrons

from the increased nuclear charge in gallium. ( WW%WW@WWW
e g o ey & Sufyd sifafved 10 d Foae™ S8 §U AN T 1A o gamT & 781
SAGCI! TR oA UIRREOT TTHTE STed 6 )

lonization Enthalpy (W@?ﬂ)

The decrease from B to Al is associated with increase in size. The observed discontinuity in the ionisation
enthalpy values between Al and Ga, and between In and Tl are due to inability of d- and f-electrons
,which have low screening effect, to compensate the increase in nuclear charge.

BH AT HHI, MMHR GG & AU IS g & 1 Al Ga & T AUT In T TI & A &1 Ufdrd
HTARARAT d 3TR f Zaae 1 & BRI | FoTewT TRREU THTa dgd gU TG THId &1 affagfd s
& fUHA G |

Electronegativity (fAGgd BUTE®T)

Down the group, electronegativity first decreases from B to Al and then increases marginally. This is
because of the discrepancies in atomic size of the elements. (4Hg-13 %a@ﬁﬁzfgﬁw cui
HHW Y T W B I AlTH Tedl 7 | T 3R gfg gt 8 1 91 wRAvdiyg 3R # Sifafia
IS F PRUGAIR 1)

Physical Properties (‘lﬁﬁﬁﬁ '{IUTVJTtI)

1. Boron is non-metallic in nature. It is extremely hard and black coloured solid.( Ehﬁ:ﬂ;l?%ff
AP T B | T HTA I T IS HSR UG 8 )

2. Itis worthwhile to note that gallium with unusually low melting point (303K), could exist in
liquid state during summer.( U8 Wﬁtﬁ?ﬂ%aﬂﬁ%ﬂﬂwwaﬁm (303K) Eﬁ?ﬂ% [
3id: AT & faT 4 I8 ad s # fireran g 1)

3. Density of the elements increases down the group from boron to thallium. (HHg-13 & ddl BT

T v & i o TR IR 9 ARTH I e S g )



Atomic and Physical Properties of Group 13 Elements

Element
Froperty Boron Aluminium Gallium Indium Thallium
B Al Ga In Tl
Atomic number 5 13 31 49 81
Atomic mass(g mol :_I 10.81 26.98 69.72 114.82 204.38
Electronic [He]2s2p! [Nel3s*3p' | [Ar]3ddastapt | [KrladvSsspt | [XellMbd'“6s°6p!
Configuration
Atomic radius/pm*| [(88) 13 135 167 170
lonic radius [27) 53.5 G2.0 80.0 8B8.5
M* /pm"
lonic radius 120 140 150
M*/pm
lonization | AH, &B01 577 579 558 589
enthalpy AH, 2427 1816 1979 1820 1971
(kd mal ) L\.U:: 3659 2744 209652 2704 ARTT
Electronegativity 2.0 1.5 1.6 1.7 1.8
Density /g cmm 2.35 2.70 5.90 T.531 11.85
at 298 K
Melting point / K 2453 933 303 430 576
Boiling point / K 3923 2740 2676 2353 1730
E“} WV for (MY /M) -1.665 -0.56 -0.34 +1.26
EY / V for [M"/M) +(.55 -0, 79acid) —0.18 —0.34
—1.3%9(alkali)

“Metallic radius. ” G-coordination. " Pauling scale.

Chemical Properties (Wﬁ-ﬁ? '{[UT?-Iﬁ)

1.

Due to small size of boron, the sum of its first three ionization enthalpies is very high. This
prevents it to form +3 ions and forces it to form only covalent compounds. (@ﬁ% 3HR & HRUT
SR 1 TH A I TR &1 TN 9gd 3 8idl & | I8 39 7 Rt +3 sifRfieur
AR H S F D 5, Sfch Hadt GgHaIerd Al I b forg a1 st e g 1)

Aluminium is a highly electropositive metal. However, down the group, due to poor shielding
effect of intervening d and f orbitals, the increased effective nuclear charge holds ns electrons
tightly (responsible for inert pair effect) and thereby, restricting their participation in bonding.

Al TS I YFfaeyfa dwa . fOhR aft ol H -1 o 3R Pefept & et URR&I0 THTT & BRI,
TG g3 ANDIT ST ns SATII D! AT I §& TR 8 (SN 3Hohg T gt & forg
JIRERN § |8 UBR §¢ & 3! GgHIRId &) Fid searg |

The relative stability of +1 oxidation state progressively increases for heavier elements:
Al<Ga<In<TI. (WH@%%’QH ST WWWW% : Al<Ga<In<Tl)

In thallium +1 oxidation state is predominant. (a'l%‘l'qtff[ S RITHRT Wﬂ?—ﬂtﬁ% )

The tendency to behave as Lewis acid decreases with the increase in the size down the group.(
g § JWR Y - o R DR T gfg & SRS 3T & JHH AGR B3 P Ugfd HH
SIS 2 1)




6. BCl; easily accepts a lone pair of electrons from ammonia to form BCl; - NHs (ahﬁ:r

TRHIRIS S TRAATYAD SHIT Y T UdbTdh! gaiaeH i TG0 HR BCl; - NH, STTgHITSIH
Qi IR 1)

Cl T“'
—_— B
B Cl + NH, —= B
/ c1l” N\ Tl
| Cl
Planar Tetrahedral

AICl; achieves stability by forming a dimer (391 YR AICL; ATV ADIY fgaid S-THR VI g1
SaTg )

Reactivity towards air (dTg Fufa G-I'f\'l-lﬁ?qTQﬁ?lﬂT)

2E(s)+30,(g)——2E,0,(s)
2E(s)+N, (g)——2EN(s)

E=element

1. The nature of these oxides varies down the group.( Wﬁ:ﬂaﬁﬁwm mﬁ%ﬁ
uRafdd g omdig 1)
Boron trioxide is acidic. (SIRI-1 §T§3'I\TJ5|¥IT§3 &Wﬂqm?ﬂ% )
3. Aluminium and gallium oxides are amphoteric. (Q?ﬂjﬂﬁtm 3R Aferaw & &ﬁaﬂﬁeawaﬁf
TR F BT 1)

4. Oxide of indium and thallium are basic in nature. (s"%mam e S 3‘ITdHI$5 R H@i?l
FHEATI)

Reactivity towards halogens (é?ﬁﬁ*ﬁ' Fufa Gﬁmﬁﬂﬂﬂn

These elements react with halogens to form trihalides (except Tll3). Tll; aﬁ%ﬁwwﬁ-u & dd
A J ARTT b T8 eSS s & |

2E(s) + 3X, (g » 2EX, (s) (X=F.Cl Br.])




SOME IMPORTANT COMPOUNDS OF BORON (S1R1-1 & $® Hg<aqUl 41f®)

1. Borax(aﬁ?\“l)
Itis a white crystalline solid of formula Na,B,0, - 10H,0. (I8 WWh¢ fhecdd o9 & foreienT 3
Na,B,0, - 10H,0 § |

2. Orthoboric aud(&Tﬁﬁﬂ? 3{+)
i Orthoboric acid, H; BO5 is a white crystalline solid, with soapy touch. (Gﬂlﬁ@l% ST

H;B0, & qWhe fhecdd 319 gidl g, foresT aa-t =i grarg |

ii. It can be prepared by acidifying an aqueous solution of borax.( sﬁahi?ﬁ CASINIE]
faeras oY sncfipd B ST TR 1)
Na,B,0. + 2HCl + 5H,0 — 2NaCl + 4B(0OH),

3. Diborane, B;Hg

i It is prepared by treating boron trifluoride with LiALH, in diethyl ether.( sﬁgl_gQﬁlﬂ

TR B JURTT T IR UMD BT LiAlH, W o Hb ST 1)
4BF, + 3 LIAlH, — 2B,H_ + 3LiF + 3AlF,

ii. A convenient laboratory method for the preparation of diborane involves the oxidation

of sodium borohydride with iodine. (mﬁ?ﬂg@ﬁm%ﬁm
IRITSSTSS BT ATRAPRUT SIS B T1 BT I & 1)

2NaBH, + I, — B,H_+ 2Nal + H,

iii. Diborane is produced on an industrial scale by the reaction of BF; with sodium

hydride. (TRNAIE U ¥ SRERT IR CRURISS 9UT AIfSTH ERESS B! fohdl
SRISAAT AT )

2BF, +6NaH — 2298 ,B H_+6NaF

Bonding in diborane (mﬁﬁﬁﬂiﬁ)

Hwﬁ AN
\ 4 /W\
H H H

Each B atom uses sp? hybrids for bonding. Out of the four sp3 hybrids on each B atom, one is without
an electron shown in broken lines. The terminal B-H bonds are normal 2-centre-2- electron bonds but
the two bridge bonds are 3-centre-2-electron bonds. The 3-centre-2-electron bridge bonds are also
referred to as banana bonds.



STEERT T T SR URA sp® YHRA BT | 37 9R sp® JHRd Hefb! A J Uk Iaae-Rigd
g8, O figepd Wareit gri gxifar o 8 | RRaTd 8-+ I fgdied- fggaaea (2 -2¢ )99 &,
e &1 AgeY (8 -H -B )AF - fggaaeia (3¢ -2¢ )3, SR Faey i Hgd g |

GROUP 14 ELEMENTS: THE CARBON FAMILY (Fg-14 & T : HTa URAR)

Electronic Configuration(gﬁﬂi}fﬁ? fa=ame)

The valence shell electronic configuration of these elements is ns? np? . The inner core of the electronic

configuration of elements in this group also differs. (?IHEM%H@WWWWW
fa=arg . ns? np? m%@%*mmﬁmmmmm% I

Covalent Radius (\qﬂwﬁlﬂ? ﬁFqT)

There is a considerable increase in covalent radius from C to Si, thereafter from Si to Pb a small increase
in radius is observed. This is due to the presence of completely filled d and f orbitals in heavier

members. ®TE I RIfeH &1 TgHdeS Bl & I 3G dd gl |, 919 i ¥ Pb dH
e fear # siiflie gfg Bkl 8 1 d -aT f -l Heérdh! JUIgRA 811 & HRUITATEIAT G |

lonization Enthalpy(mm

In general the ionisation enthalpy decreases down the group. Small decrease in Ai H from Si to Ge to Sn
and slight increase in Ai H from Sn to Pb is the consequence of poor shielding effect of intervening d and
f orbitals and increase in size of the atom. (Wwfﬁﬂ%{aﬁm W@T’Cﬁm% Si ¥ Ge
, Ge q Sn TP 31T AT 3R Sn T Pb TP UGl AT d TUT f FAGSI] b Gaiel TIRREUT THTT 3R
TRH & S¢d SHTHR BT TR R I)

Electronegativity (fAGd U dN)

Due to small size, the elements of this group are slightly more electronegative than group 13 elements.
The electronegativity values for elements from Si to Pb are almost the same.

BIC MDHR & HRUI JHG-14 & dcdl DI [dgdd BUNHD T BT HF THg-13 o Id dal & fdggd
BUTHGA & AH J ST T 3HfYF T € Si A Pb d dcdl B! [dgqd FUMHDB T BT HIF THIHT

T BT g |




Atomic and Physical Properties of Group 14 Elements

Element
Property Carbon Silicon Germanium Tin Lead
C Si Ge Sn Pb
Atomic Number 6 14 32 50 82
Atomic mass (g mol l) 12.01 28.09 72.60 118.71 207.2
Electronic [He]2s*2p” | [Nel3s™3p” | [Ar]3d'"4s™4p” | [Kr)4d' '5s°5p° | [Xel4f '5d' 65 6p”
configuration
Covalent radius/pm" 77 118 122 140 146
Ionic radius M*/pmh 40 53 69 78
Tonic radius Mz‘/pm" 73 118 119
Ionization AH, 1086 786 761 708 715
enthalpy/ | Al 2352 1577 1537 1411 1450
l.J mol " ATl 4620 3228 3300 2942 3081
AH, 6220 4354 4409 3929 4082

Electronegativity” 2.5 1.8 1.8 1.8 1.9
Density' /g em 3.51° 2.34 5.32 7.26' 11.34
Melting point/K 4373 1693 1218 505 600
Boiling point/K 3550 3123 2896 2024
Electrical resistivity/| 10-10" 50 50 10° 2x10°
ohm cm (293 K)

. T : . : . d . € . . . o
“for M oxidation state: " 6-coordination: * Pauling scale: © 293 K: © for diamond:_for graphite. density is
f ~
2.22; 'B-form (stable at room temperaiure)

Physical properties (‘l-ﬁﬁiﬁ '{[UT'EI'FtI)
i. All members of group14 are solids. (W—M%H*ﬁac—d Eﬂﬂ%}

ii. Carbon and silicon are non-metals, germanium is a metalloid, whereas tin and lead are soft

metals with low melting points. (BTa-RITcdH a{%ﬂﬁaﬁ?aﬁﬁuﬂwu@% Safd fe
3R TS P A1 el FeTaH g 8 1)

Chemical Properties (RTETATT® '{IUT?-ITf)

Oxidation states and trends in chemical reactivity (m SARYT YT I P
sifufrariiadar s1ugf)

i. The common oxidation states exhibited by these elements are +4 and +2. (ﬁaﬁm
AT +4 TUT +2 SHRITHOT STRT SR AH 5 1)

ii. In heavier members the tendency to show +2 oxidation state increases in the sequence
Ge<Sn<Pb. (39 T & TR Il H Ge<Sn<Pb THH H +2 HTRITHRUT AR TR H3A
ERCINCECIRCISIE)




Reactivity towards oxygen(Gﬂﬂ'\‘ﬁW & ufa Gﬁlﬁ)‘ﬂ'l’-‘{ﬁ?l?‘l'[)

i The dioxides — CO, Si0, and GeO, are acidic, whereas Sn0, and Pb0O, are amphoteric in
nature.( STSATEIISS (VI . €O, Si0, TUT Ge0,) 3 B, Tafdh Sn0, TUT PhO, IHTLUH]
PEANEASREA)

ii. Among monoxides, CO is neutral, GeO is distinctly acidic whereas SnO and PbO are

amphoteric.( AFIEATSS H O IR dUT GeO 31T &, SIdfd Sn0 TUT PbO IHTYHI B 1)
Reactivity towards water (ST¢l Fufa ﬁ’_CITQﬂ?I?lT)

Carbon, silicon and germanium are not affected by water. Tin decomposes steam to form dioxide

and dihydrogen gas.(w, %Wauaﬁﬁmaa%mwﬁaﬁ@m % | e a3
ﬁﬁﬁamaﬁa{m@w%aweﬁ@mﬁﬂémén

Sn + 2H,0 — SnO, + 2H,

ALLOTROPES OF CARBON (TS & 3[URT=T)

Dlamond('EﬂTf)
i It has a crystalline lattice. (@WﬁMW% )

ii. In diamond each carbon atom undergoes sp 3 hybridisation and linked to four other carbon
atoms by using hybridised orbitals in tetrahedral fashion.( sﬂﬁmm Wfﬁ?ﬂ
® TUT I I 19 ST & 30 IR BT TRATIEHT & FSTEdT 8 I)

154 pm



Graphit

Vi.

340 pm

141.5 pm

e (IPTST)

Graphite has layered structure. (WWW%% )

Layers are held by van der Waals forces and distance between two layers is 340 pm.( IR

48 aTed 9 GRT 8! @< § I)

Each layer is composed of planar hexagonal rings of carbon atoms. C—C bond length within

the layer is 141.5 pm.( U@ URd H Te IRHTY Y 0T Ied & U H AT EId &,
SR® c—Cc SY TME141.5 pm BT & |

Each carbon atom in hexagonal ring undergoes sp? hybridisation and makes three sigma

bonds with three neighbouring carbon atoms.( Wﬂﬁqwﬁmwahqu

%pz IHRA BT §. TS PIa- URAY] o1 Fdbead! sra- IRATILS & ot RT st g
1)

Fourth electron forms a it bond. The electrons are delocalised over the whole sheet. ( H®PI

TS P - TAAT § | TYUT TRA & 3T A1 Saide [aRATHHd Bid & )

Electrons are mobile and, therefore, graphite conducts electricity along the sheet.( 3@3@’:[

Tier=iA 81 8, 3 IthTsc f[dggd &1 gAIa® ¢ I)

Fullerenes (gwrﬁm

Fullerenes are made by the heating of graphite in an electric arc in the presence of inert

gases such as helium or argon.( mmm&mﬁ@%mﬁWWﬁ
faega ondh © TR fHa1 SdT 8. a9 BakiH &1 fAafurgrane o)

It contains twenty six- membered rings and twelve five-membered rings.( = B gerily

9 9T qUT Ui YeRig IR ae Bi g |)
All the carbon atoms are equal and they undergo spZhybridisation. (H‘-ﬁwmw

Bl e U sp? YHRABAE |




Silicon Dioxide, SiO, (ﬁlﬁm 31%&73@13‘6’)

i The entire crystal may be considered as giant molecule in which eight membered rings are
formed with alternate silicon and oxygen atoms.( H{ﬁmﬁﬁwﬂﬁw a@%
U H O S Gl o, forem R quT sifaiier tRAT[sT ST TR v H 3116

Te=iT g S & 1)
oo o
T
—E‘i-i—O—ﬁi—O—ﬁi—O—?i—
O O O O

—Si—O0—Si—O0—Si—0—Si—

| | | |
Silicones (ﬁlﬁﬁ‘l)

i They are a group of organosilicon polymers, which have (R,Si0) as a repeating unit.( g

e -Riferep = Sgeieh] b1 U o7l 8, ORI (R, 5:0)Teb TR $67S Elell © )



Prepa ration(ﬁ??«l:l')

Cu et 92H,0
9CH,Cl +Si ——""s  (CH,),SICl, —> (CH,),Si(OH),
570 K -2HCI

CH, CH, CH,
| | |
HO— Si— OH + HO— Si— OH + HO— Si— OH
| | |
CH, CH, CH,

-H,O| =EefrHio

CH, CH,
—O+ Si— O + Si—

CH, CH,

In
fafasia

The chain length of the polymer can be controlled by adding (CH;)3SiCl which blocks the ends as
shown below

CH, CH,
| |

nHO— Si— OH + HO— Si— CH,
| I
CH, CH,

-H,O | Ppolymerisation

CH, CH,
I I

—O+ Si— 0 + Si—CH,
| I

CH, /, CH,

Silicone



SiIicates(ﬁIﬁlﬁﬁ)

i A large number of silicates minerals exist in nature. Some of the examples are feldspar,

zeolites, mica and asbestos.( Wﬁﬁa@rwﬁﬁﬁ%ﬁaﬁﬁrmaﬁ %, sﬂﬁ@f@
Tg<d U1 Wil § Bhes R, SdTse, 31U dUT TWReR 1)

ii. The basic structural unit of silicates is Si044_ in which silicon atom is bonded to four oxygen

atoms in tetrahedron fashion.. ﬁlﬁlﬁﬁﬁ{lﬁ IRAIATHD scbl'gSiOf_ % foraw faferera
TRATY IR HTeRfToH RATIST ¥ Tquhasia ¥ J s J|aT s 1)

o

. Silicon
O Oxygen

Two important man-made silicates are glass and cement.

Zeolites(\_rﬁ\"ﬁ?lﬁi')

i. If aluminium atoms replace few silicon atoms in three-dimensional network of silicon
dioxide, overall structure known as aluminosilicate, acquires a negative charge. (ZI'%
Rfei- SRsase & Afaffe sae & ¥ o Rifde- e tegdiag wamgsi
ERT AR Y ST €, < Ut ol TRem 1 ) ugfififerde wgd § PRt
FHUTAR BT 1)

ii. Cations such as Na™, K* or Ca?* balance the negative charge.

iii. ZSM-5 (A type of zeolite) used to convert alcohols directly into gasoline.
iv. Hydrated zeolites are used as ion exchangers in softening of “hard” water.



