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elements
(a) Cosmic (b) Crustal (c) Human

FIGURE 16.1 These charts show the relative abundances of the principal elements in (a) the

universe (the “cosmic abundances”); (b) the crust of the Earth; and (c¢) the human body.
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The hydride ion, H-, Is large, with a radius of 154 pm (1),
lying between the fluoride and chloride ions in size. The o
large radius of the ion makes it highly polarizable and _—H" (154 pm)

_CI™ (181 pm)

g

contributes to covalent character in 1ts bonds to cations.

F~ (133 pm)
However, the single positive charge of the hydrogen atomic =Na™ (102 pm)

nucleus can barely manage to keep control over the two
electrons in the H- ion, and so they are easily lost.

The low energy required for a hydride ion to lose an
electron results in 1onic hydrides being very powerful
reducing agents, and E(H,/H")=- 2.25 V. This value Is
similar to the standard potential for Na*/Na (E=-2.71V) . K




Xi’an Jiaotong University

1. RBESHE—FEFUHESZEI;

MIERE R
> 2. WERARIE. BRL—— RS EEE
Hydrogen is a colorless, odorless, SBEDAT, TERSIMNUFIESES
tasteless gas. 7R Y [
1t
o w0 ?g al?:: 7}2;}%%2@1 1%/]\ Tks:ﬁﬂzfmg
R/ C 252.77 HlFAFNES;
I
& sty (J mol ) 117.15 2H — H Aﬁm ~ 436 kJ mol!
Sty (4 Mol ) V057 IR ERTERE , TGRSR
MR (W m'! K1) | 0.187 CHESHIE) | [N ANEEI R
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Because H, molecules are small and nonpolar, they can attract each
other only by very weak London forces.

As a result, hydrogen does not condense to a liquid until it is cooled
to a very low temperature (20 K at 1 atm).

One striking physical property of liquid hydrogen is its very low
density (0.070 g.cm2), which is less than one-tenth that of water
(FIG. 16.10).

This low density makes hydrogen a very lightweight fuel.
Hydrogen has the highest specific enthalpy of any known fuel (the
highest enthalpy of combustion per gram), and so liquid hydrogen
was used with liquid oxygen to power the space shuttle’s main

FIGURE 16.10 The two measuring
cylinders contain the same mass of
rocket engines. liquid. The cylinder on the left holds
about 10 mL of water, that on the right
liquid hydrogen at —253 °C, which is
one-tenth as dense and consequently

has a volume of about 100 mL.
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The metallic hydrides are black, powdery, electrically conducting solids formed
by heating certain of the d-block metals in hydrogen (FIG. 16.9):

2 Cu(s) + Hy(g) —> 2 CuH(s)

FIGURE 16.9 In a metallic hydride,
the tiny hydrogen atoms (the small

spheres) occupy gaps—called
interstices—between the larger metal

atoms (the large spheres).

.
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N | EE¥ER | B= FBE EE
A | REFH (heaFian) =00 o o @NUM/D
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FIGURE 16.12 The melting points
of the alkali metals decrease down the

group. The numerical values shown here
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2E (g.cm3) 0.53 0.97 0.86 1.53 1.88
&3, 1M 1.0 0.9 0.8 0.8 0.7
SHH +1 +1 +1 +1 +1
E® (M+/M) (V) -3.04 -2.713 -2.924 -2.98 -3.026

__-___
2E (g.cm3) 1.85 1.74 1.54 3.51
SShya s 1.0 0.9 0.8 0.8 0.7
S +2 +2 +2 +2 +2
E® (M+/M) (V) -1.99 -2.356 -2.84 -2.98 -2.92
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FIGURE 16.18 The first (front row) and
second (back row) ionization energies

(in kilojoules per mole) of the Group 2
elements. Although the second ionization
energies are larger than the first, they

are not enormous, and both valence
electrons are lost from each atom in all
the ionic compounds of these elements. L ALS ~




Xi’an Jiaotong University

TE N4 SV
REE oM +H, — 2MH
I H,
it ®&/E (Ca, Sr,Ba) M +H, — MH,
e 2M + 2H,0 —2MOH+H,
- ﬁgé’fa " H,0 M + 2H,0 —M(OH),+H,
S BANE M + H,0(g) —MO + H,
5 2= M+ X, - MX,
Li, Mg, Ca, N 6L1+ N, — 2L1;N
Sr. Ba s 3M +N, — M;N,




Xi’an Jiaotong University

EE R RRIE
/B ‘ XM +S — M,S
Mg, Ca, Sr, Ba M+S — MS

L1 411+ 0O, — 2L1,0
Na 2Na + O, — Na,0,

K. Rb. Cs 0, M + 0, — MO,

s == 2M + 0, — 2MO

Ca, Sr. Ba M + O, — MO,




énzmﬁ%

Xi’an Jiaotong University

3
BN IR FE:
#WKA:  NalAlSi 0, ]
#iKA: K[AISILO,]
¥EA: KCI-MgCl, -6H,0
BIEA: K(AIO),(SO,), -3H,0
EyER:  LIAISIO ,),




Xi’an Jiaotong University

A Be,Al, (SIO ;) —
il : MgCO ,

A%: CaSO, -2H,0
KR¥EA: caco,
A CaF, \

X&EA: Srso,

Eafrf: BaSO,




ZF XA A \.’% Xi’an Jiaotong University

2.2 |1

IFES4(0%): 1s*2s°2p°
BEH(0,?):

KK(04,)" (0 2) (0 5,)" (m5)* (" 2p)*
HELH0,): I

KK @ 5) 0 25)" (0 5) (1 5) " (1" 29)°
REWH(0;): Ik




Xi’an Jiaotong University

Ogm@%vﬁ’ Ej‘D‘QE?%msz%wﬁiﬁﬂgﬁiﬁjl\ﬁﬁ%
B=Asp?RAEE RIS BT 5H
LR TH—X RS SR UK BT 58 MR ESUE T
T BB AR, TRl -




Xi’an Jiaotong University

ER LAY/ L]

it SWE | |SFEEN Z {31
UE=RE&Y) -1 05 Na,0,. CaO,
[EERL LY -1/2 0, KO,
RAa -1/3 0, KO,
e=RE &) Cs,O

IEESEMAD 2 0¥ Na,0, CaO




Xi’an Jiaotong University

EESEAY Li,0 Na,0 K,0 Rb,O Cs,0
i) = HEa | REe | REG | BAe
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W R e,
FEIK BV —
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"ng'f/h% {5 : 2Fe(CrO,),+7Na,0, >4Na,Cr0,+Fe,0,+3Na,0
=R~ S7KEFEER R N AE B H, 0,
5] : Na,0, + 2H,0 > 2NaOH + H,0,

Na,0, + H,50, = Na,50,+ H,0,

2KO, + 2H.0 = 2KOH + H,0, + 0,1

2KO, + H,50, = K,S0, + H,0, + 0,

3. 5co, kMo, O =8 T, ZIESDHE/IMOFIO,
MO; > MO, + 9,1

O 57KMN4ERLMOHEO,
4MO; + 2H,0 ->4MOH + 50,

{5l = 2Na,0, + 2CO, - 2Na,CO, + 0,1
4K0, +2C0, - 2K,CO, + 30,1
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