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Chapter 11. Hydrogen, Alkali and
Alkali-earth metals



§ 11- 18 K HALEW (Hydrogen ant its
compounds)

He

Li Be B C N O F Ne

Na Mg Al Si P S Cl Ar

K Al Se (T |V | Cr
Rb Sr Y Zr Nb Mo

Cu Zn Ga Ge As Se Br Kkr
Ag Cd In Sn Sb Te | Xe

‘%é@%%mm—W$&ﬂmwu
EWTE- - - - -

La Ce Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Yb Lu

X S7E ASR T LA, XAEHVIAZ: o o
e th S —EHH G SRR B 1s? .

Rn
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§ 11-1-1 R 7& (Hydrogen atom) |
1. ERENIE (isotope)

1

i ‘D(*H) T (H)
P P+n P+2n .
Protium  Deuterium Tritium "
l T i

11A

FEFRMRAIM, WINEFBEEEHR “H A SH, B PLEK
(D,0) KEAFETRABKT, FHLHEIETEEHHK 0.016%.

34 TR RAHiE N5 Vi

U () protium 1H H y == LAY
m (JJ)  deuterium 2H D EERNME
) tritium H T )5 R ACIEVAY

* ARXMNERRAENBRTEH, EFEEMS: MANXY “BEE” .



(2) F1E: H:D=6800:1(JE F1#) H:T=1el0:1

SRFHPEERFEMILE (75%) , TEMIR LIEEHESE 150,
REGY BlIaHd. KRR AKRENERRE, RSFHNEE
RIGR R AERET A5 b3R5 715,

AWRE  SRAG) BWEAN) EFAE)

#FRF/g-dm=3  0.562 0.071 0.089
8 0
6 Fe x5
~ =z B
4 %z "
g BELR
Z HERBK DO
D 2 Sc Xe Pb
3 FHZ

o
—
>

|
N

I 1 ST KRR
- Rl A, KRB KRR EES82%,
R17%, HEILELY.

10 20 30 40 50 60 70
=T P8
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> BAElettal, Ei LW —RERAEAKI VAR i “FEEEHR R
R E, Wi A5, BN —FEBTmE. 7 ik R IIX P4
CIRYN /S
> 16t 20K, I AR O R R IE AR ER 2K A B
KAERDNL, T2 —A A
> 17O A — A BRAE RIS ARET AT Ea — R B )
IR R, WANEH ASEEA GBI A, BEARENEE, A
REIEAT I &
>17664F: EAH R ER K F AR 3id M (Henry Cavendish) 1
%?’}z%%fn%%, HUBIRONTTR TS, R BT R SE M E

7K [P—

>17854F: JEEM 25 R K4 (Antoine Lavoisier) HEF The Nobel Prize in
SR FULF AT @4 AHydro-gen GKZIE) « pamm

~19314FJK: 1 . 50 301 Ji. L (Harold Clayton Urey) 2]
RIUIT ik

>19344F: FERBRITZ IGIIHEIE, MM T TR e e
%% (41%) .
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N

i (Simple substance of hydrogen)

H, D, H,O D,O
PrEE R/ °C —252.8 —249.7 100.00 101.42
SRS kJemol-t  436.0 443.3 463.5 470.9
H,O fl D,O ZH#HARRERKBTO- - -H —0 FEAW

O- D—Oﬁﬁ*'&ﬁ MRWFEARET, ﬁ*k%ﬂﬁ%%ﬂfmﬁjvz)ﬁ

mﬂﬂ?ﬁﬁaﬁ‘]%%ﬂ%‘hﬁﬁ‘] FRERFBEHENERR, FR
e = e S ke AR BRI

KRR E BRI E R KBS 2 AR BIFE B SR M. Bilan,
1 F D, 0 D-OR A A M LA RS, RIS 245 TF-H,0,
H SRR K T 8 B SR B DL B

_A




#]% (preparation)

Zn+2H+ =Zn* +H, 1T

Zn + 2HCI ' ZnCl % M2

R
SR = H AP RFERES I%%?ﬁi%
H,S 4eh&E zns H,S + Pb?* + 2H,0 —» PbS + 2H,0*
AsH, BHmRERHF FHMEASs AsH,+3Ag,50,+3H,0 - 6Ag+H,AsO,+3H,S0,
SO, #EJR H,SO, =4 SO, + 2KOH — K,S0; + H,0



(2)

(3%

RLgA

#]4 (preparation)

H,

H,

N,

1143 K

pyrolysis

H,

AR, A

M F: g oY) 2H,0+ 26 — > H, + 20H"

40H -4e —— O, + 2H,0
bKHES3E  C+H,0 = H, (g)+ CO(g)

c. L2

CH, — C + H,

NaH H
2
(BEMLTHE
M0 oo [Hp ] 500X 10°m?)
elecrolysis photolysis
H, H,
TR PR PR AR S vz

Si+2NaOH+2H,0=Na,Si0, +2H, T =



LS DT B R B DL e h B R
FIRARS, MAMRZETESK (BRI EIE) §
RN SEBLH

KBS CH,(Q) + H0()———— 3 H,(g) + CO(g)
S nemam=s2 —kEk.

KBSRBL  C(s)+H,0(@)—=E5—  Hy(g) + CO(g)
S garemmmE Sz EREK.

H,(g) + CO(g) BLAKES, FIHTIREL, R ALY
H. BERN7T 6, LASEHCO,

> ADRAKBESERK AR —EET L ARNEREAT], CORRAR

CO,, M) 2 X108 T H/KEE#E CO, M H, KB E<E, £ CO,
BRI B H,

CO + H, + H,0(g)

Fe,O4
> 723 K

CO,+2H,
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> KBHBESCHEAL 73 AR 7K il =
h v

=(2,2° —BrALRE) 47 () (Cat) %' Cat*(2¥E)
Letters to Nature

Nature 238, 37-38 (7 July 1972) | doi:10.1028/238037a0; Received 13

Electrochemical Photolysis of Water at a
Semiconductor Electrode

2(Cat*)+ H,0 ——> H, + ;—Oﬁ 2(Cat)

AKIRA FUIISHIMA™ & KENICHI HONDA'

1. “Department of Applied Chemistry, Kanagawa University, Yokohama
2. TInstitute of Industrial Science, University of Tokyo, Roppongi, Tokyo

A
1 Yoy ALTHOUGH the possibility of water photolysis has been + Tap
P hOtosy nthes IS 4’.‘> investigated by many workers, a useful method has only
v now been developed. Because water is transparent to visible light
( it cannot be decomposed directly, but only by radiation with
A wavelengths shorter than 190 nm (ref. 1).

e Sugar + O,
o . ELECTROCHEMICAL PHOTOLYSIS OF WATER AT A SEMICONDUCTOR ELECTRODE Sl 11,890
— - e :
@ CO,+H,0 Chemical fi: FUUISHIMA, A HONDA, K (REFELES)
c NATURE #:238 E3.5358 37+ iR 1972 -
w energy i

VA ¢

ol - FLAA A A B HRL R 5K e e
£ Olaleraniiting) 7 FEPETE— L, AT A B RLE P AR
P H, + O, SR — B R, 72—
chemical eneray | I BEFI BB . A 1) KA
AG=237kJ/mol e FL BB AN 100 T FR ARV TR, B /Nist
Al ESA 20 FF, 48N 99. 9%.

Energy

Fig. 2 Photosynthesis by green plants and photocatalytic water
splitting as an artificial photosynthesis. 12



> KA AR A TR

FEPRINXEIER PI00*  2H*+2e" —H,
120 y

# 4% #ll: O2 e Fd € |
080 0, N = H,

P30’ Cvtochrome b.f Q8 \p FAD)
-140 Phe ytochrome by .
PQ, hv 3
0 PQ) NHDP* NADPH
2 pe
-
+040 & -0
0.80 >N
. ¥
P700 ¥

120 80, Ve *, 4 %.1:H2
+1 60

complex H,0 - 2e-—1/20,+ 2H*
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hik

= B E
AR )
i

= R0 A
imm B
L E AR
AlTiE
REMEE
AT

Ay

itk (purification)

BAEE & R ﬂﬁﬁ?;%g
FSE T R R OTRER g;giﬁ’fgﬁ%ﬁﬁﬂ 99,999
= = 4=t = $h, 5t
Eﬁ;;igﬂﬂ%ﬁawmﬁ’m“j A B -99.9999
OB R R B 2 AR 09,999
R TS AR 00~98
ﬁiigﬁﬂaﬁﬁﬁﬁﬁﬁ;ﬁHMa e s 50 9006
SRR SRR T S 07-98

http://zh.wikipedia.org/wiki/%E6%B0%A2
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Hz %

\/

+
CH,OH- CcO V > M
Feed-stock & Metal
production
cC N, . NH 5

Fertilizers

plasticé
Fuel
Heat
Fuel cells,
rocket fuel \
Hydrogen '
. PRAE K kg

Water
(Hz0) out

2 K (HY 120918 N |
Rk (BgHy) 64183 j
X %% (CiH,) 43367

FUEL CELL
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AU —2 LT 20 B YA Vi AE U
17‘&&5“ WW‘FZL_?@% fif“ A, AR STEEIEIE, WA
~ Bl CEBRINHSWESIIRRE, HERRERALH.

> SHEANR WHLKRE EEBCABLEE, B RBLR WWIKBRSE T
HiE 1 800 BdHIBES

2] ) %*4@&8’]14@@\5?2121\’”
sUEEh DL = B4

> S HEPRMIT 7T I i ) =K a] At
o FJTHIKL (EMALT A
& SIS

o FTIHE (R
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it = K (hydrogen storage materials)
e A 100 b B KR RE I AL S A R

s A LARAS L AR A () . e
> fEE L ool Koy

¢ Mg-Ni. La-Ni. Fe-Ni
& HIEREJEAMLAY): LaNis (CaCug4hitd) e .ol
& YIHAE4E, WTiFe. Ti(Fe,  Mn,). Ti(Fe,,Ni) %; ‘
& R A4, WMg,Cu. Mg,NiZ,

LaNi, +3H, ——LaNi.H, +Q

> S0 - 1
& [AIH, ] B [AIH)*
¢ LiBH,

¢ NaBH,

Mg:NiHe  LaNisHs  Ha(
3.6 wt% 1.4 wt%

ref.. B¢, RSim, &%, £, (EEMEEERD)



B E AR BRI B

7

> QKA R
& KMl YUK EBA4E (GNF)  ZEERITKE (MWNT) .

A ) SCIENCE VOL 286 5 NOVEMBER 1999
FREETRANKE (SWNT)
& LHLYKE: BN; TiS,; MoS, Hydrogen Storage in
Sample Storage capacity Initial mass Final mass Residual H, storage Single-waued ca rbon
(weight %) (mg) (mg) (%) Nanotubes at Room
2 28 5013 5049 245 Temperature
3 4.2 4927 497 .4 217 C. Liu," Y. Y. Fan,’ M. Liy,” H. T. Cong,” H. M. Cheng,'*
M. S. Dresselhaus,3*

> WA (zeolite) > EERANERNEY)

( Metal-Organic Framework, MOF)

The microperous molecular structure of a &~

zeolite, ZSM-5 ref.: );%mk, ﬂgi\@:ﬁ’ ﬂﬁ%@’ Ez; «11%%*1*4*%5\75» 18



e
hEHAR SEitE - EENE - VRS - MRARL - SEES o MANERE e RAEE o H/BHIR
/stdaily.com]

week ending
PRL 100, 206806 (2008) PHYSICAL REVIEW LETTERS 23 er\\! :ltlmx

Calcium as the Superior Coating Metal in Functionalization of Carbon Fullerenes
for High-Capacity Hydrogen Storage

20115 I . EBs FERFHBGR sl

Mina Yoon."? Shenyuan Yang,*? Christian Hicke,® Enge Wang. David Geohegan,' and Zhenyu Zhang'
'Materials Science and Technology Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee 37831, USA
*Department of Physics and Astronomy, The University of Tennessee, Knoxville, Tennessee 37996, USA
*International Center for Quantum Structures and Institute of Physics, Chinese Academy of Sciences, Beijing 100080, China

"I)('[mrlmml of Physics and Astronomy, Michigan State University, East Lansing, Michigan 48823, USA LEE: BE > ERARHETEEE F b HTED R

(Received 6 December 2007: published 22 May 2008)
FA— R RS EEM R

[AZIRH]

SWAMTMELGRRNRESEY, B, MENESMzh—EERNSHERNEERT. Ml
RAFMERER AR N F RISl - FEESHEMH, ARERATRSTE, ETSIUKPhEERE

Cﬂ3zcﬁﬂ J A C S

pubs.acs.org/JACS
OURNAL OF THE AMERICAN CHEMICAL SOCIETY

A Single-Component Liquid-Phase Hydrogen Storage Material
Wei Luo, Patrick G. Campbell, Lev N. Zakharov, and Shih-Yuan Liu*

Department of Chemistry, University of Oregon, Eugene, Oregon 97403-1253, United States

cheap & abundant

\ !'n"u&t>’__>
3 NH, FeCly (5 mol2a) - N’ B. N
EH .
me 60°C E“h{f?-ru'le
20 min Me
1 P 2
guantitative
4.7 Wt.% Hy(material) ™
42 g Ha/L refativ;ly fast mild

clean

hydrogen uptake: 8.4 wt%

19



Tritium, D,OR#] &

(2) Tritium - ZEHIN12.64F (1 SRR PE AR 1
T —— JHe + g W UHRIA REIRAET
ftn:  SLi + on ——> SHe + °T

YN+ In— 2C + 3T

[}

(3)H,S + D,0O D,S + H,O RIRfF4iE K
] LU F AR & 52D,0

20



2. Properties:

(1) Physical properties:

Ho: tRAMEE T/KRENEF, 7]
DR EEREPL. PAMEE
(LaNis)H .

HAE (B NHASEA:

AR R EART, THE TN

/I\E"E'rﬁi—i§ Fr CLX R i B
S, BESERNT .

[
3

=

657 =
g b 1

L

thinE

B H 5

B

S

(0 °C, 101.325 kPa)

0.08988 g/L

14.01 K, -259.14 °C, 43445
°F

20.28 K, -252 87 °C, 42317
°F

13.8033 K (-259°C), 7.042
kPa

3297 K, 1.293 MPa

(Hz) 0.117 kJ-mol™*

(Hz) 0.904 kJ-mol™

(25 °C) (Hz) 28.836

21



(2) Chemical properties:

a. RS BT HEDN 1st, BIR]DAUBUEIAKR,
HE—HETAETREENE —HBES; Bkt
VIA .

b. b &xkM: 5&JE: 2Na + H2 = 2NaH
Ca + H2 = CaHz2
5348 H2 + F2 = 2HF

v

c. ®EMN: CuO +H2=Cu+ H20
WO3 + 3H2 =W + 3H20

22



§ 11-1-2 S (Hydrides)

> B MEAY  Cionic or salt-like hydrides)
o SETHRALNBETEH
> M EYE LY (metallic or transition hydrides)

> IS (covalent hydrides)
o SEFEHERAEAKRNIESEEEFEIHMRES

1 2
Li |Be
NaMg| = 4 5 6 7 s
K|Ca|Sr|Ti|V |Cr|Mn|Fe
Rb|Sr|Y |Zr INb[Mo| Tc|Ru
Cs|Ba|Lu|Hf| Ta|W |Re|Os

I:l Saline I:l Metallic I:I Intermediate - Molecular ]:l Unknown

(o] [&)] EN w \S]

23



1. ZuSYIHE R

1) tEEBLE 2E + Hy(g) —— 2EH
B, 2Li(l) + Hy(g) —— 2LiH(s)
(2) Bronsted BEEIINE R F E-+ H,0(ag) EH + OH-
B, LisN(s) +3H,0(0) ——  3Li(OH) (ag) + NH4(g)
(3) BRI U S5SNI B E 53R
EH+EX — FE’X+EH
#itn, LiAlH, + SiCl, — LiAICI, + SiH,

X Toll E PR (LT A IR &0, AT T 7

ERBGRIL K (R R REAEWT) L RA R K3 712 R
o KEUB(Q2) M) iE, LA S umib 547 R BRI -

X Ja PRI I T R 2R Be L 590

24



2. SRR T I

1) ZmERISRHEE R E e AGY, RAWESHETREREL
RN EEHAE, AGS NIEE IS WA A 6 B & BB R M.

Fio

s XAl p XtR ZuEA ¥ AHS, | kJemol! (298 K)

1
LiH(s)

—68.4
NaH(s)
-33.5
KH(s)
-36.0
RbH(s)
-30.0
CsH(s)
-32.0

2
BeH,(s)

+20.0
MgH,(s)
-35.9
CaH,(s)
-147.2
SrH,(s)
-141.0
BaH,(s)
-140.0

B,Hq(9)

AlHL(s)

14
CH,(9)
— 50.7

SiH,(9)
+56.9
GeH,(9)
+113.4
SnH,(9)
+188.3

15
NH;(9)
-16.5

PH;(9)
+13.4
AsH;(g)
+68.9
SbH;(9)
+147.8

16
H,O()
—-237.1
H,S (9)
— 33.6
H,Se (9)
+15.9
H,Te (9)

>0

17

HF(9)
-273.2

HCI (g)
-95.3
HBr (g)
- 535

HI(9)
+1.7

25



(2 A FERINYE LT REkHRINES 58S (kI - mol?)
AR
= BETTRERBHNE < HXELH H JUESBRENETR
s flp UEEBRILEE.

Bond
enthalpy

T~

26



3. BFREY (MH) -
W%)& (Li, Na, K, Rb, Cs ). #L+%J&(Ca, Sr, Ba, Ra) + H

(1) BIEEHEN s REBETFREAMMRIFERYE, FNFRIFRFHMAES
MR R EE. Flan MH 35 NaCl &,

(2) HEJEZAE 126pm (LiH) 5 154pm (CsH) Z[&, i KEIZSLIEE
AR FRETZ I B FRIIERI A, B 5 X FrremiRE, B8
(134-154 pm) /+F F (133 pm) 5 C1- (181 pm) ZJd]. BHEHA BIR
H NaCl Zi,

(3) HAEERKEENZLHE: BRELSHESERIGRYY, FEMREH,:
2 H —> H, + 2e
(4) 5K MHISER 2 H- +H,0 - OH + H,
CaH, + 2H,0 — Ca(OH), + 2H, *
R H RILHBEERME. AR ERBE !

27



VH

MH
MH
MH,

MH
MH--\.

=

MIH.,

MH.,
MH.,

MH.,
MH.,

X&BH RS RESHY):

3 4 3 i 7 8 9 10 11 12
Sc Ti \ Cr Mn Fe Co Mi Cu Zn | |Known
| | |Unknown

Y Zr Nb | Mo | Tc Ru | Rh Pd | Ag | Cd

Lu Hf Ta VW Re | Os Ir Pt Au Hg

La Ce Pr Md | Pm | Sm Eu | Gd | Th Dy | Ho Er | Tm | ¥b
Ac | Th Pa U Np | Pu Am Cm | Bk | Cf Es |[Fm | Md | No

I

28




S5 p XaoE (MA~VIA ) BRI TFHEY,
BIEHE2F L&Y (CH, NHyy H,O. HF) &
BHILERNHNALEY.

Group d block
14/1\VV | | |
SnH:Sill-Idhée-I:I: cH, MnH(CO). CoH(CO), PtCIH(PE,).
15\ ¢
PH, NH,
161 |-
H,O H,S
17N | | |

|
+16 +12 +8 +4 0 —4 -8 -12 -16 -18

29



5. MBI
(1) FEEER:

® BT AY), W B,HH
O JRF BRI 8 B FHEL.

B,Hs

® FHE T, W CH,,
FOLREFIETFEHSS CHa
.
® EH TN, WNH;,
0 JRF BB JE A T ARR AR NHs
LA
(2) MEHh R, BH KT N

(3) BFLHUrEMEENB RN EIT ARR,
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Diborane

2
H
H*"f.r,z E\N\H
. B B_-.'k
HY, “H
H
2

Figure 2. The terminal B—H bonds
and the bridging B-H-B bonds
each contain two electrons

Bonding g 2
\‘- _ B1 {

AO

http://voh.chem.ucla.edu/vohtar/fall03/classes/30B/pdf/diborane.pdf

B Antibonding

B4 Non-bonding*

MO

B2He6

A
----------- —— B
Bo
sp
Bz"r
AO

Diborane

H

131 pm

e —120°

B

Figure 3. The MO scheme for one of the
B-H-B bridging three cenfer two electron
bonds. *This picture is still a simplification
of the actual MO scheme. The non-bonding
orbital is actually of slightly lower energy
than shown and so has slight bonding
character. This arises from the fact that the
orbitals involved in the terminal B-H
bonding have the correct symmeitry fto
overlap with the bridging bond orbitals,
resulting in a stabilization of the ‘non-
bonding’ orbital.
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6 L4 AL AL YD) R -

> B[R
HIV R BN+, HIE R R/NDUER T 55— e =R H T g

Al — M B & N b RV s, R R A SR

4NH, + 50, — 4NO + 6H,0
2PH, + 40, — P,O. + 3H,0
2H,S + 30, — 2S0, + 2H,0

> MBS IE K P RIATAN:

J
J
J
Y

SRR : HCL, HBr, HI;
CREER ) : HF, H,S, H,Se, H,Te:
2R . NH s

KA E S ). BoHg, SiH,;

5KAMERR: CH,, PH,;, AsH,, GeH,, SnH,, SbH,.
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© WebElements Periodic Table of the Elements - Windows Internet Explorer

@Qv |fé http://www.webelements.com/ v‘ @ 3 Google
HF) H|ER(E) EE(V) WEEEA) TE(T) #EEH)
@wn - Ding
Google v - BE>» | BE ﬁ% v
X paidme g EEernns v | QR |02 %P Hem - A=E - QME 5 " v O G L8R | X @EndNoteWeb3.3 Ecapture ? Help
Lo WEEEE | Elug - BE | FHEuEsE
@WebEIementsPeriodicTabIeofth..._ o~ EB v = v WEP) v =225+ IR0~ -

WebElemen Chemistry » Periodic Table » essential data and
description

bl
WebElements

WebElements: the periodic table on the web H(:)I]_]_e ()f t}le peri(}c‘lic l)l'e'

m

Elements Compounds || Periodicity | Chemistry Books (USA) | Chemistry Books (UK) || News | Shop | Chemdex ] { 388

What do you want to know about the chemical elements?

The essentials | | History | | Contents| Uses | | Geology | Biology | | Compounds | | Electr, The lifting agent for the ill fated Hindenberg ballooon was hydrogen
rather than the safer helium. The image below |s the scene probably;
in a way you have not seen it before. This is a "ray-traced" image
reproduced with the permission of Johannes Ewers, the artist, who

Explore key information about the chemical element won first place with this image in the March/April 1999 Internet
Group 1 B B 4 5 5 7 3 9 10 Raytracing Competition. For details of ray-tracing you can't beat the
e POV-Ray site.

Pictures | | Allotropes | | Chemistry | | Crystal structures | | Thermochemistry | | Atoms | | £

WebElements em|

Table » Hydrogen information
bl
Hydrogen T

WebElements: the periodic table on the web

Elements Compounds Periodicity Chemistry Books (USA) Chemistry Books (UK) News Shop Chemdex Gi)le
27 28
Hydrogen: the essentials 1 } Co || Ni
P Brief description: =) ] IE——

BRAIN TRAINING GAMES  phydrogen is the lightest

= N hydrogene M Spatial Reasoning  €l€ment. It is by far the most
Hydrogen . abundant element in the
-_ Attention Problem Solving universe and makes up about
Wasserstoff Focus Fluid Intelligence about 90% of the universe by
Waterstof Speed Stress \(Neigf)ﬂ; Hybdrolgen‘ as water | H | He
| i | == Hidrégeno 5 H;0) is absolutely essential to
Idrogeno g A Rasctonilims life and it is present in all U | Be
= vat = id Visual Perception General Health 9rgamcl Compounds. Hydrogen
=te ieregenio is the lightest gas. Hydrogen Actini
i . . inium I
lhl ay Now gas was used in lighter-than- e
Hydrogen air balloons for transport but js  Aluminium
Essential data: names, symbol far too dangerous because of Aluminum
atomic number, and atomic weight;  the fire risk (Hindenburg). It burns in air to form only water as waste Americium ]

block, period, and group in periodic  product and if hydrogen could be made on sufficient scale from other s timony

ey e ant moanon_ economy | e MIOnEbe 2 possibIlty of aTyAroGEn  argon 33 htt p: / / www.webelements.com /

History: meaning of name; Arsenic




§ 11-2 BER LR KHMNEY)
Alkall metals and their compounds
Lithium Sodium Potassium
Li Na K
Rubidium Cesium Francium
Rb Cs Fr
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—. General properties

1. Valence electron of alkali meta

(1) H=H

FETKTEEFHT, ©
FIEESFHU G BIAIARTE 2 — AT

P RIER AR 7

y g

T, ViHHS

Na+tFINa - .

2Na

= EHS

en+CH;NH,

WA+, AeFHREIESR

H] AR E

P, WEERINa

AR N BN

E&tq

il

J%l

>sNa™ + Na~

il
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@ BFHHTED, FURSRET |,
Z MR S A SO S RE T
ZWEAAEN, EEREBEEK,
A, HERK. BRI ;
X LI BRI SRR/, B
B HLARIE A

¥4 b e ———— ~ " 14

11Na 2l S w— 4
e cY R G 10K (§®)  37Rb (@1} | 55Cs (@)  BTFr (§h)
Tl 180.5 97 .81 63.65 38.80 28 84 27 |
#Hac 1347 8229 774 88 678.4 677 %é ',
oI i SEa0
WRE(25'C g-cmA-2 | 0534 0.971 0.856 1.532 1.8785 1.870
EETIL He=da EE
Sl =33 ZFi# Z# = = Z#
BB HEE HEE AR HES BrEE AN =
i R Eije & # & ## & # EijE & # S —
FTEoFEEES =B EEH EEN EEH EEH EEH ‘L&. : :‘j:‘ E
it 75 +1 +1 +1 +1 +1 +1 T
FESF Liz0 Ma20 Ma202 K20K202 B B B :
Fimd e LioH MaQH KOH RbOH CsOH FroH _
SaEE LiH MaH KH RbH CsH FrH Speciral fines of ihium

SmaitmREl FRE T325E TI5E T325E FI25E T35E | 36



) BREFREERANEFTHEE

> M

w (%) 0.006% 2 64% 2 60% 0.03% 0.0006%

S AN (B FRAEE TR, B3 5EARNERD

-

0.15% 0.35% i il —

o Lit: FEAMARIRIER, Wty EE 7l LLglE s EARE S
2R R PR A, e Sl B M A 22328 5 1)

¢ Na': NRRE)EE ST 3 2E i s 7 RS T, e
T — B EAR S R TR e ou i SRR A SN R, BN T S T
YR FE 22 AR e P 2 R B A% 3 O W ol kAt

¢ K. P 5ITSIE -5 R A S AT

¢ Rb: 7, B2 BRI S EamidiEaok, SUMETR.
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2. BB EIN, BERITRUE T#
Zia NFHIE, (EHEN—EREERIEIE.
(1) SENREFoTFNaz « Cs2AFErigE 4
(2) Lik—&4h 5 brBitr s R, MLi—
CsHIMLEDD, FLOr B m /.

(3) LW ERIIANY, HIIIFILE,
BltmLi,(CH,), R E4.

= @I REH !
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3. HtkHEHA o .

L1 Na K Rb Cs
M +e = Mo -3.05 —2.71 -2.92 —2.93 —2.92
M +e = Mume 2.1 —2.43 -2.61 —2.74 -2.91

X X S& HTLYE T 7K &4 5 (enthalpy of hydration),
130 Ly =305 V

Born-Haber g :
> MT(aq) + e

M(s)— 3

l&ﬁ”—f Tﬂ‘hHﬁ P= A+ 1+ AHy

I
M(g)——>M7(g) + e
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—+ Lithium and its compounds
1. General properties:

LikE R 5meBERAXA, ES5HtEE, il
Mg FIE AL, XFRRIRART A 2Rk R

(diagonal relationship) -

Li5HAWEBIEE (Na. K. Rb. Cs)

X 5

> (1) ERRELRREEmEEBERR, BES5ELeBAEL.
> (2 EIERIEE S, MARRITE. EELEY.

4Li (s) + 0O, (g) — 2Li,O (s)

> (3) EERSEREMYILIN , HAthEB AR SN,

HEME, MELeBEENBEZELE.

> () REESBRRMNAERKL,C, (ZH48) , B
R RETE BAMC.,

&8

> (5) =4 (Li,COs. Li,PO,MILIF) EEE/D, W

TE&BRX=FEHREREE BN,

40



> %%%%ﬁﬂ&%%é%’é%@%ﬁﬂ@%%é%
)

2Li(s) + C4HoCl—="2— | iC,Hg + LiCI(s)

C,HsBr+ Mg—=2— C,HsBrMg

> (7) WS E A RERILNE, S85AMEL

- (8) EIEEM . BRI (SMHILD 4
RARFALIRIK R = FAH « FA4 I
(). TEBRERIIA e 3 8

(C4Hgli)s

PLIOH === 11,0 + HyO Li;CO; = Li,O + CO;
ﬁ;%i%@ﬂn%ﬁ%ﬁ@, %i%%ﬂﬂﬂ‘ﬁﬁ@)&%ﬁﬁﬂ
Jm\Naz

YNaH —— Na(g) + Hy1
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2. BJF4E (The simple substance of Li)
(1) Lithium is a soft, silvery white metal the

ry\

lightest among all metals; B «s:.‘.."“m

(2) preparation: \?;m:za..._r =
L ARLICl(55%)—K Cl(45%) 3
B I8

3) 5IE& B RN : mFHT, 35S, C, Hox M
(4) RSB EAL, ::ﬁkLuzoﬂLigN; FECO2H
fneE#, B CAARGS

6Li (s) + N, (s) — 2Li;N (s)

BV 5&BRMN, ERERBIAY (intermetallic
compounds) BR[EEE.
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<13 FJALE
HTﬁeMﬂ@M\WN

,;»
%

1JW

fr
,rl:

NH,

Li;N :l“ W‘H (1)
H,C NALCW n;“k‘ CH,
1 2] 2
Li,N NN N
r—C=N : | " I\'
(2)
NN
3 [4] 1
L
Ph” N7 phy
NH,

H,C—C=N + Ph—C=N

1

=0
M)Wf Ph
7

T B R R FT

(4)
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(6) 5H,0, H*RIZIR B, {BFEKH R LIS,
TLIOHE R/ (FEfREE—2 R

2Li + 2H,0 = 2LiOH + H,(q) Q\*\x

(7) ‘BRETritiumKI IR

Li+ ;n——> JHe+ °T

44



3. L&Y

(17I)°HLi ) — e A IR 21

“S—

Y

N HIMg. Catb-&¥itaiL;

i~ R MK

(2) LiF, Li2COs, LisPO«YEMEE /N; TiLiCIO4K!

(3) LIOHMIK, = 6.75X 10,
LiOH === Li,0 + H,O

X XE5HEBAR, LIOHIERNE Bt K B mEmR .
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AW .

(4) 8 ST AR B ST R

LiNO3—KNOs3
b. &

(5) &

E A (peroxide) AELif:

L

LINO3—NaNO3—KNOs3

E’ mﬁ

Li,O,, Li,S, (persulfide), Li,C, (percarbide)

(6) LiF) e A Ni&H &90m]

SR (BTSN

1R 2 FEI,,
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Graphite Intercalation Compounds (GICs)

Ist STAGE 2nd STAGE

=

= L N N N
I} <
Sf IE\-j z
el B h eeee W ;;
> | L N N
: ppu_— eoee
< (N N N
(N N N
=< ] |
E —( = CARBON HEXAGON LAYER ’
& # & = LAYER OF INTERCALATE

(ALKALI METAL ATOM)
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Graphite Intercalation Compounds (GICs)

Graphite intercalation compounds are intercalation compounds with a graphite
host. In this type of compound the graphite layers remain largely intact and the
guest molecules or atoms are located in between. When the host and the guest
interact by charge transfer the in-plane electrical conductivity generally increases.
When the guest forms covalent bonds with the graphite layers as in fluorides or
oxides the conductivity decreases as the conjugated sp2 system collapses. In a
graphite intercalation compound not every layer is necessarily occupied by guests.
In so-called stage 1 compounds graphite layers and intercalated layers alternate
and in stage 2 compounds two graphite layers with no guest material in between
alternate with an intercalated layer. The actual composition may vary and
therefore these compounds are an example of non-stoichiometric compounds. It is
customary to specify the composition together with the stage.

Potassium graphite is denoted as KC, and is one of the strongest reducing
agents known. It is prepared under inert atmosphere by melting potassium over
graphite powder. The potassium is absorbed into the graphite and a color change
from black to bronze is observed. The resulting solid is also quite pyrophoric.
Structurally, composition can be explained by assuming that the potassium to
potassium distance is twice the distance between hexagons in the carbon
framework. The bond between graphite and potassium atoms is ionic and the
compound is electrically conductive. a8



Graphite Intercalation Compounds (GICs)

7

Space-filing model of potassium graphite -
KC: (side view)

49

Structure of CaCs -]



Graphite Intercalation Compounds (GICs)

2,000

Graphife (002) CsYb
(004)

Graphite (004)

Graphite (006)

C.Yb
(008)

20 30 40 50 60
26(°)

nature physics | VOL 1 | OCTOBER 2005 | www.nature.com/naturephysics LETTERS

Superconductivity in the intercalated
graphite compounds CgYb and CgCa

THOMAS E. WELLER', MARK ELLERBY'*, SIDDHARTH S. SAXENA2*, ROBERT P. SMITH?
AND NEAL T. SKIPPER!

" Department of Physics and Astronomy, University College London, Gower Street, London WCIE 6BT, UK
2Cavendish Laboratory, University of Cambridge, Madingley Road, Cambridge CB3 OHE, UK
*g-mail: mark.ellerby@ucl.ac.uk; sss21@cam.ac.uk
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#]4 (preparation)

> 8 FRBEE
o TRERER VA
2LIAI(SIO4), + K,S0, = Li,SO, + 2KAI(SO4),
B IRE
2LiAl(SiO4), + 9Ca0 = Li,O + Ca0-Al,04 + 4[2Ca0-SiO,)]
* TRV
2LiAl(SO4), + H,SO, = Li,SO, + H,0-Al,0,-4Si0,

> SRR %

SRR Lo o
Shre =M alict (1) » 2Li(s) + Cl, (g)
2CI" — Cly +2e”

¢RI JRIE 3Li,0 + 241 = 6L + Al,0,—33.6 T |

2Li,O + Si =4Li + Si0,—76.3 Tk 51



\/

4%

6%

9% 15%

reducing the melting point and viscosity of the
material and leading to glazes of improved
23% a1 Physical properties including low coefficients
for thermal expansion.

10
Usage of lithium in the USA in 2012771 &
%ﬁ]mics and glass {31%)
safteries @3%) > _ Lithium hydroxide is a strong base, and when
Lubricating greases (9%) > : .
oiher (155 heated with a fat it produces a soap made of
[l otver (15% lithium stearate. Lithium soap has the ability to
Air treatment (6%)

thicken oils, and it is used to manufacture all-

Primary aluminum production (6% . . .
| Prmany ’ o) purpose, high-temperature lubricating greases

. Continuous casting (4%)
. Rubber and thermoplastics (4%)
. FPharmaceuticals (2% 52



1 (Lithium-ion battery)

AT FHINEE e o

Copper
negative |
current |

collector |



Lithium battery Positive Hegative
Featherweight with a punch Electrode Charge - Electrode

Discharge

Lithivm jons

Positively-charged oxide Negatively-charged graphite

Legend: € Metal, 02 Lithium, O Dxygen, T Graphite layers

> BEEEEE: FEWMEARIMAR, &RETHE, 77k150~200Wh/kg
(540~720kJ/kg); FZAARFRTE, 7]1A250~530Wh/L(0.9~1.9kJ/cm3).

> FEREHEE: KRR RAE, Alk3.3~4.2V.,

> ST IhR K. REAAM A ETGAR, 7300~ 1500W/kg(@20F)).

> TCICIZ RN . W Rk AT B F B T AZ A N, F B AE A s L 1 Vo T )

f e FE, A 4 T4

> RBEBH: <5%~10%/H . 2R b b T4 P i Wil e s, XN s

N EEL A AR R R T R LA

> TYEBEGEE: 7E-20°C~60°C A 1E% TAE. )

> 75 TREIEEEHR. °




i

o ‘h’-‘- I8 .|'-

e LE]

=l
&

L

Electrode
material

LiCoO2
LiMn,0,4
LiNiO-
LiFePO,
LipFePO4F

LiCoqaNiqysaMn 302 (36 Y
Li(LigNixMn,Coz)O2 |42V

- TR

o TR A :

L

[ ]
"
[y
-

Electrode
material

Graphite (LiCg)

Hard Carbon (LiCg) |7 V
Titanate (LigTigOqp) |1-2V

Si (Lig 4Si)[36]
Ge (Lig 4Ge)l371

v : FRERETEE TR,
i : LiFePOy — Ly FePO4 + xLi™ + xe™

T

e Liy  FePO, + xLi* + xe™ — LiFePO,

Average potential Specific Specific
difference capacity energy

3TV 140 mA-h/g 0.518 kW-h/kg
40V 100 mA-hig 0.400 kW-h/kg
3sv 180 mA-hig 0.630 kW-h/kg
33V 150 mA-hig 0.495 kW-h/kg
36V 115 mA-hig 0.414 kW-h/kg
160 mA-h/g 0.576 kW-h/kg

220 mA-hig 0.920 kW-h/kg

| 8. FET AT A SRR v RE R E AT A A 1
BT EE TR, KREEETEA
xLi* + xe™ + 6C — Li,Cj

* TP
S o

- -+ —
Li,Cg —xLi™ + xe™ + 6C
Avera?ge potential Specit:ic Specific energy
difference capacity
0.1.0.2 V 372 mA-hig 0.0372-0.0744
kW-h/kg
? mA-h/g ? kW-h/kg
160 mA-h/g 0.16-0.32 kW-h/kg
051V 4212 mA-hig 2.106-4.212 kW-h/kg
0.7-12V 1624 mA-hig 1.137-1.949 kW-h/kg

7t B B T AR

KR H I 1 1E AR AN 6
e Z TAIRZ Bk AR .

P T HE N IR AR R
RN, BEIFRE

L\

FERY i fR; S FEEA

ORI
BT R .

9

Peaitive alectrode

Segative electrode

EF"_E j—f’ 4 Charge
P59 =
5._15 éqb 1
H i JI —
o1t -
0O— Tt -
iy T
T -
= =3 ) LI o—
-f_l’?‘" i
:iﬁ: =5 Discharge
LIGo0, Specoalty carbon
Charge
— ¥ -
LiCoO2+C e Lit-x CoO2 +Clix
Discharge
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The development of the lithium-ion battery is
an object lesson in how pure and applied
research, driven by commercial interests, can
generate the incremental improvements in a
technology that are necessary for transforming
it into a useful product.

In this case, intercalation compounds were an
offshoot of pure research into superconductivity.
They were then picked up by Dr. Goodenough
and other researchers working on battery
technology; and the final pieces of the puzzle
were supplied by Sony.
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o' &) NOBELPRISET | KEMI 2019 (\ KUNGI

e ‘%53 VETENSKAPS
49 THE NOBEL PRIZE IN CHEMISTRY 2019 &2) AKADEMIEN

- A ¥
=4 y '
:\ : )
i kA
John B. Goodenough M. Stanley Whittingham Akira Yoshino

"fér utveckling av litiumjonbatterier”
“for the development of lithium-ion batteries”
John Goodenough of the United States -- at 97 the oldest person to be awarded a Nobel prize --

Britain's Stanley Whittingham, and Japan's Akira Yoshino will share the nine million Swedish kronc

(about $914.000 or 833,000 euros) prize equally, the Royal Swedish Academy of Sciences said.
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A

THEIRIREE ?
)E J_:[E__( ,ﬁlﬂ REREEH, 2ERF >EX

&

Shasrrme  wevs > 8e > Ex

FRERAE : BROSESIT

e0isF03Azsg om0 pEERR  EEEH  WEEX

IR, AR T

EREFFZAONAZTHE, BROANIDE (5510, 0.5, 0.5mEL HES
HFEE, MBSO SRS, RS R e nRr TRy 2018TE02H09H 09:33:4C
SR, FEOEAENER— EREETIE . SRR, FIOEAEAEERESET
ks EAS, 20168 EREAY SRS TIER RS

WNEE SRR

TSNS, FRoRAEb TR, S EEEEE— ), AR htt P /Inews.ifen g.co m/a/20180209/
PSR R TREASTIISE M, (BRI A AR Rl TR R A T SRR A i R 55911757 O.shtml
25. http://finance.sina.com.cn/money/fund/20150 —

bbAB3H - 323/070521781091.shtml

T Tt e

ELZh 7 B R BRI R Rk EE (1)

zonEaBesl 11013 R FitE [EAGGEE]

AFHERE

LERAF, BEOFEFFEERETAF . RIBFLERNE, HEFERERTT Rl iEeE
120408, FRARSnEIE ik 2000 Bl b, REET TR BRE AR 100 R, R HE .
BiEbraR1aE, FEERAISMZF T2 B0% I -

I EETRGRSFRRRITS, S EEIREERTIEs00- M EFEFRRIR P A200-1-F T IHT
HREEATF, FHERRFEREM 000t iBE 10007 LHTHMNEABREIINIAER LS, E
T FEREEES, FhEp e RLE A FAE . FEREHshT, A ateL5H
LFRARAAE NS E R E N SEmENSF . 4F1716H, Ertiimait=ezEr
SRS, aofELT L.

PR = [ e p e ———— 58



=, IRHMAEY (Sodium and its compounds)

1. Existence:
Nat: 7E AR 170.32%, 75 kH 50.6%,
FEALAIH 50.6%%1.5%.
Na: ‘=& (rock salt, NaCD ; T“ff (mirabilite, Na,SO,-10H,0);
UK Ceryolite) @ NazAlFZEH 4 (minerals) F177E

> JEEAEFEYE (Davy H.) REFANE N 3 st
I3 RS AN T ) SRR A . Ath S8 FH AT PR R B AR R S
B, PRI AR MM AR —FE, RBRETINE .
Ja KA ARSI T %, RS R T IR, AERARR b
I 7 BA RGN RBUKRKINR, —S8/NEROT
BRI R AN, TR ORI KHE, Ty B/ N ERAR
ke, HaRiHAR, EiHE RAKR. it/
BRI AR, BIVER K, EKIH BOEFFER, K
RURI 5 . WX RE, BAEAE1807 K HL & /mi, JL
KRG, AR 3R T e @ in. e o
FEN 533l fir 44 N Potassium (BRJK, Potash) Al
Sodium (734, Soda) . HAEHIIMLZERFTK, Nasril | e
K EHEeATRH T 4 FrKaliumFINatrium. :




2. The simple substance of sodium

(1) 50, =M GEEAAD)D -
—f% 2Na+ 0O, =Na,0, GEELWE)
TIEF Na2O % Na,O, + 2Na =2Na,0 ([ E)
(2) WEREEI N5 S M :
2Na + xS =Na,S,, x=2-5
(3) P E1E R FINaOH(1) R b :
2Na + NaOH = Na,O (s) + NaH (s)
(HNEBB EEHET:

Na(s) + (x + ¥)NHz(I) =—— Na(NH;), +e(NH;),

e(NH,); ——> ¢ (NH,); (Hi1)

2Na (NH;), + 2NH;(1) + 2¢” == 2NaNH,(NH;), + Ha(g)
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(5) 5K N:
2Na + 2H,0 = 2NaOH + H,T

O)®. . B AFESREERRKERNMN:
2Na + Cl, = 2NaCl

2Na + S = Na,S
2Na +Br, = 2NaBr
2Na + 2HCI = 2NaCl + H,1 W 8
(8) 5 =M i semclion S, g it sodiaw | 5
o LH5I:WW N 2Na + 2H,0 = 2NaOH+H,1 -
2NaOH + CuSO,= Na,S0,+Cu(OH),]

o SIARNEL N B N ‘
ANa+TiCl, (&R =4NaCl+Ti (& &SR S)
Na + KCl = K + NaCl (& AEiE)
) EFVHI ML

2Na + 2C,H;OH = 2C,H.ONa + H,1 o1

o



3. B

(1) NaHCOsHI ¥ B /N T NaxCOsH SR, 7]

CAR & — R &
NaCl + NH,HCO,; = NaHCO, + NH,CI

(2) NaZCOgﬁ'JF‘Lﬁ'J%.
Na,SO,(s) + 2C(fa ) + CaCO,(s) = CaS(s) +
Na,CO;(s) +2C0O,(s)

(3) NazSH AR HLR STE iNa, S, EBLIR &
Na,S + (x-1)S = Na,S,

(4) Organometallic Compounds

—l

3CsHg + 2Na —— 2NaCsHs + CsHg

2Na + ph,C=Cph,——> pth':— ?phz

Na Na o2



#l# (preparation)
I AR S AN (B BusRE A LTI
> 485 (Downs)

2NaCI(FE %) = 2Na + Cl,1

~EEigE: (Castner)

2NaOH(HLf#) = 2Na + 0,1 + H,1
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v/

* A —TEERERIERLRA
FEREEINFE, i #.
. 5. 8=, ERTICHHFA
B B B2
TiCLy(1) +4 Na(l) —Ti(s) + 4 NaCl(s)

k& EWERA S SAREMEAD
Aol FURMLAED , S F e bk
men N EEi bl

)
L . !
y
'

* 1980FEKLIAT, mHLAEENE
L KT & MG S E(PbNa), 5
HEHETH(C2HICHOEBE 5
HMITEFIIN Z 58 (C2H3)4Pb.
1970F K MEA LI, FEERIAA
A, NNESSEEXFET
M. AFRI{EMOCTFIHEZMNE
HRIE-
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BB (sodium-sulfur battery)

LA JRANA 51 BN IE i T E 8 sl
Moo W A P LR R 1) — ;Eggﬁ;;ﬁ;ﬁgggg@ww PP
Wi, EERTERETR, St o
SNBSS > Al KHEHV. SR BE: HE B
A A AT R N, T RS 2 1 — % 1] 1£200-300mA/cm?2,  FEBET
RIS TE « 18] ] 5 H 34 ) [ A BE =

%3 bistHEEFMGEZREADET

23 i BE EE
EZFEE BMEREHED —— " AFBRMHER E2ATERNPmERERE, TR
FF i EEL L BEOHTIERBRMEER “BRH
i
Anode:
2Na = 2Na™ +2¢
Cathede:

4+2Na®" +2e" & Nﬂ;.ﬂ'l

e
2Na + XS T=2= Na,S,
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JU. Potassium Subgroup

(FIRTLR)

1.K, Rb,CsRERHURIKERE,
i )ﬁzﬁs‘*% i B AR B
Z, MEEY. S KeYA
B Iu R FIRFIE

2. The simple substances

(1)§%TCsxegoIden yellow4t,
LEH R R (ustrous),

S|Ivery -white, ¥, ZEIRK,
KEHKER, RS




a4 A
> S AR AR AU EMTEAAGFE. £t K ASHRRILENE 5480,
> AEH TP S B ON2.59%, (S5E B, KPS FERGEE, 58
21°80.1%., e /KPS EEE /DR R B T8 DIERNEYR IR Z .
> (EANEE NS HH ., IEH ANENZ)E481755, HA98% i 41 I 7141 i
W, AN R EERHE T

A EE T B8

1. 250, &ERAGEEAN b'w“mm

2. B YN . ANIEIE TR A ; v
AT i HMWM T,

3. U R LA LA 1 o \

A, dEE LI A '\ -,; '

> E[ %ﬁﬁj‘ Intracellular space ~7,(’
. . . - . . 15'1

The action of the sodium-potassium pump is an example of primary active

Potassium

transport. The two carrier proteins on the left are using ATP to move sodium

> { & %Ea ( Hy p O k al e m | a ) out of the cell against the concentration gradient. The proteins on the right are

using secondary active transport to move potassium into the cell.

> |%'j | %H (Hyperkalemla) http://en.wikipedia.org/wiki/Potassium
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(2) 54

d. 58)

/

W FHT

MRS5S,

LR M,S, { Na

b. 5EKRMN GHEMY)
M + 0, = MO,
1 MO, 2Lt fm ik

()50

. M,Ox

-

—2 A

Fﬁ%JﬁJ&A

BERISERE BWALYIE
R, FERRM,S,

2M + xS = M,S,
K. Rb. Cs n — 6
n— 5 (FasEME K — Cs H9R)

Li

N

FEBREF

202 /N ﬁ[ﬁ I‘Eﬂ’ijj‘f%g%’f%
MO, + M = M,0,
MO, + 3M = 2M,0

n - 2

potassium




(ii) 503,

N (RENY) © MOs

4KOH(s) + 404(g)= 4KO4(s) + O, (g) + 2H,0 (I

(iii) ENI#HA TR E

2KO,

+ 2H* = 2K* + H,0, + O,

2KO4 =2K0O, + O,

KO,

4K O,

= 7KH

H X

T 5 R
+ 2H,0 = 4K* + 40H" + 50,
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c. 5Bro g M EKEIRIE

K + Br, — KBr ??7?

Consider a collision between K and Brj. The first stage of the reaction 1s envisaged as the

transter of the valence electron of the alkali metal atom to the halogen molecule. Such a

transfer 1s shown by equation (3.18) below to be possible even when reactants are quite a few

Angstrom apart. Once the transfer takes place and a temporary ion-pair (e.g. K+Br2_) 1S
formed, the strongly attractive Coulombic force brings the two 1ons together. This 1s followed
by formation of the stable KBr and rejection of the Br atom. The metal atom has, in effect.
used its valence electron as a 'harpoon' in order to pull in the halogen molecule.

Chemical Physics Letters

Volume 11, Issue 4, 1 November 1971, Pages 415416

On the mechanism of the reaction K + Br: = K + Br: near the 3+

threshold S 2- - T
o K + Bra

AA Zembekov -~ AEO

=

Institute of Chemical Physics, Academy of Sciences, Moscow, WV-334, USSR — L
[+ 4

Received 26 July 1871, Available online 21 December 2004 -~ O} - "
> K+Bl"2
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) E&RxM, FEERERIMNLY

( Intermetallic Compounds )

(4) 5H.Ox: Rb, CsEiK, S\Z?iﬂ}%}:’li

(5) il %

<CI(I) + Na(l) = NaCl (I) + K(g)T (850°C)

—

TFKEBEE S /M Na, =M FART;

i

R EH: 2KCl + Ca=CaCl, + 2K

H T CaClABETHRE, ﬁﬁﬁ‘zﬁf“ AT

71



3. &Y

(1) Bt 5Lit, Na UL &Yk,

MCIO,, M,PtCl,, M;[Co(NO,)] B /)
( barely soluble)

}V

(2) ﬁ%@ﬁlmﬁﬁﬁf :

4LINO; 2Li,0 + 4NO;, + O, 1
2NaN03T 2NaNO; + O, 1
2KNO3; === 2KNO; + O, 1
Mﬂ(NOg)z MnO, + 2NO,

NH;sNO; NS N,O + 2H,0 72



(3) MEAMNYI(superoxide). REMY

(ozonide)

- BEMY: SHREAET RERET, 0, BK .(').('j?
(0-0)133 pm) HI—HRUEW), RATTHEBT o2’
IR =), HEETTE—TNEBE, A NEEFEE

— /NIRRT, IR E

> REMWY): BT70HLEY, HEERENEYR R

NAMO, R RECKPIIGR e, A

(£000)100°, %K (0-0)119 pm

2 MO, (s) + 2 H*(aq) — 2 M* (aq) + H,O, + O, (Q)
20,/+2H,0—-0,+H,0,+20H"

4RbO;+ 2H,0 — 4RbOH + 50,

X <5 ) R B IR i N RAG . AR G R
W5
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O K+

|
g

L e ol
R AT n

2KMnO, (s)+ hv—K,MnO, (s) +

MO, (s) + O, () i

2KMnO4 — A — K2MnO4+Mn02+021 21t + 2Hz0 = 2KOH * Haf+ Claf

KMnO4 — A — KMn02+021 GRS |
3o TR AT 5 2 R4
2KMnO4+3H202 — 2Mn02+2KOH + CaCO,=#if=Ca0+Co,
3021+ 2H20 2. 80 5 K I B A R A
o CaO+H,0=Ca(OH)
2KMnO4+ 16HCI ==== 2KCl| + 2 :
IMCI2+ 5CI21+ 8H20 3. LA 5 5 A IR S A LA

Ca(OH),+K,C0,=CaCO,+2KOH
74



v/

* EBIPETTI EERAEE
Mz, HRAFAEIRM
£450.1%!

* I EZR THIEKO,(EF|)
BRSNS E@BE AR
K), F& SR —H. a4
RRFIRBYULBTIIEE S
K.

* WIS ERILLARTR S, B
mAERRST R, BIAE
% B HE B A5
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i (Cs) R4
NI R
Tz —%, EE2Alnz—%

FOCS 1, a caesium atomic clock in o
Switzerland
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Fullerene superconductor ?

in Alkali fullerides, e.g.

(Hebard et al., Nature 350, 1991,
600.); Rb;Cy (T ~ 28 K)

(Zhang et al., Nature 353, 1991,

(Kelty et al., Nature 352, 1991,
223.);

highest T at atmospheric

pressure: Cs,Rb,Cg, (33 K)

—ERBETEWESERXERRE T, |
—
manan | STERE | gunx | makan | TR
TCIK TJK
K3GCs0 18~19.3 woR Rby 1 Th 1o 45
e B3 1 e
Rb, Ceo 29 ' T, RbCeo 48
Bam |l 2 LCo -
CssCeo 30 i 1
KRb 24.4~26.4 (1Br) . Goo 3
K;RbCeo 21.8 S, .
Rb, CsCeo 31.3 Hit4e R
77

(Tanigaki et al., Nature 352,
1991, 252))
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(kB ERE<TINHLE I
2011. 6FR)

Chapter 10.0& MWL &8

(P52)

1. 4. 8, 13, 14
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§ 11-3 WLt &R EAHAEY

Alkali-earth metals and their compounds
Beryllium Magnesium  Calcium
Be Mg Ca
Strontium Barium Radium
Sr Ba Ra

79



—., M General properties:

1. BEE&RER 284 o
2. 1 BB AR A '?Eﬁﬁ)%—ﬁt P

Period 2| | M

Be Mg Ca Sr Ba

The first five alkaline earth metals. )

Eﬁﬁﬁ%% AR AR
W -

[FIR,  [RIX %%%%%ﬁaﬂm
PR T J8 2 A )

WMAFIE A o i 80




EEMRIAR
7
ki
ki

18085 &4 (Sir Hamphry Davy) ERESE L.

EEMERMAE

1808 &4 (Sir Hamphry Davy) FEEEH1F.

EEVERAAE

s
FF

o
1798 KT

g/cm3(20

J#mh%,aim 278+5 C,
1. 848
FKHPARE,
eé g%e@
b))

.

(N.L.Vauquelin) %

—

EEMRAOAR

EERRNAR

EEMRH AR

AW

81

1898 BB E KR EW.

1808F f&EHE (Sir Humphrey Davy) TEE AW,

1808 R

TEHEZEM;



Marie Sktodowska-Curie = ®==mmms.

. e o o] oz The Nobel Prize in
- JE A (1867.11.7—1934.7.4) . HAZFLFES, W physics 1903

JUBUHPEINR, RIAERVEN AR IR ez, — AL
PRt DURSE (S — OGRS i DURMIHEEL, 2 IR 1 DUR
(A= ORNIE I SN RTFIN: 1:0p0N =P (VAR P o
J& BLRNA — R Z il Btt i . JUH IR e il
AERISEHK, WS TIRZ N
—EILIRAT T 10T G 168 T, 107445 K1 e o v e

services he has rendered by his discovery of spontaneous
radioactivity”, the other half jointly to Pierre Curie and Marie

% Zj‘lﬁ radistion phcnomens discovercd by Frofessor Henrt Becquerel”
18964F, V22 PG LA E M BE 225 M BRIk 8 T — 55 TR, (@ T m ey v
VEMHA T I 2 RS R LA T, A S B o
BRI, TR E . SRS R A IR B A STk, ixf The Nobel Prize in
SRR — DR AR, feiBid B IALR RO, TRELmmie Chemistry 1911
SRR, 7E I B R A RO IR R 4 R, I TR
BRI £ T 3R .l LA AR A L B, 1 S S A
A L S AR T, X R E AT ? XS
TR IR I R R4 ? o B TR A Pl iR TR (RS .
18974F, JEH R AR T [ CRIBF TR — — 0O e R IE . S~
AT, A T R R R, IS R T — ke

Nobel Prize in Chemistry 1911 was awarded to Marie Curie "in

i, BRI T AR S L R RN — R T L TOZRHE s rummor o s ot s

covery of the elements radium and polonium, by the isolation of

JERCE T B L2 HIERE, A T H K H TR oo ———

remarkable element”.
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-ﬁl

3. BJi

= L N

585 x[: M (s) +0, (g) — MO (s)
H5EERMN: M (s) + X, — MX, ()
5KV :

M (s) +2H,0 (I) - M(OH), (aq) + H,1 (g)
58 S :

M (s) +2H* (ag) — M?* (aq) + H,T (g)

5 ANE R 4 B AT 36 SOV

M (s) + Cu?* (ag) — M?* (ag) +Cu (s)
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—. 8% (Beryllium and its compounds)
1. RSAFEL, REBKHEESE, 7E
BEROLT, AEREEET, ‘
il -

> B AEHE 7R & & 290.0006%, 3‘

T WA AN BB o
FA.

> BB e E, 15 A (1551K).
e (3243K)Birs, EEN

1.85gcm3, LUERFHE, (HLGHERILF e g
13, JETHEIE. BrmieEE Lh R % compeund o
e, AR, B BT o
T-HE|. Beryllium—1i#] I

T M A (beryl)

84



H &

> {E700-750°Cr ezt £ (3BeO-Al,O5-6Si0,)
MR (Na,SiFg) KRR 54, 153INa,BeF,

= WM TE m S AN B-E AL B TTE T 0 4
77 A7 90%.

> Tk Bl S E A A R IRAE =4 w5
Be(OH), + 2HF — BeF, + 2H,0

FERARF 25 B s B BRI R -
Mg + BeF, — MgF, + Be
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2. The

simple substance

1) BEEHEBHANTERERE, REOSEHREMNE,

i/ R A B WV

2) 5IE&RRM 2Be + O, = BeO
Be +S=BeS 3Be + N, = Be;N,

(3) Pt

Be + 2H,0* +2H,0 = [Be(H,0),]2* + H,
Be + 20H™ + 2H,0 = [Be(OH),]* + H,

X BeXt¥ I HNOsHIIRH2SO4f2 84 /E

86



4) 54&BKRM: Be5dX &)
&%) MBei2 , MBewr, SEJ/EANE &R

[H]

il

# (alloying additive ) , {#&4&mEHk
G N5 B AR B

(5) Preparation:

BeCl, + Mg = MgCl, + Be

R £

/

=R

}J

87



Space group: I4/mmm-Dj].

Atoms at 0,0,0 and 4, 3, 1+
EM'D jII. (ﬂ') Dpﬂ}{];

8Bein (it &4 1431 84 1

8 Be in (1) X,,0,0; Xl,{]ﬂ I]Ii,{] 0, X,,0;
8 Be in (j) Xy, §,0; Xy %,0; 3, X,,0; 4, X,,0;

with X, = 0344, X, = 0-284 .

Mo Be Be ?—? Be Mo
O—e8—38 8 0O
@

Be @ Be @Be
® o @

2 Be Be 2Be
BeQ ':fEle
e o G o e
Be Be Mo Be Be
BeO OBe
O
@ @

Bed 2Be 5 28e PBe
®
Be
O—tog 3O
¥ | Mo Be Be Be Be Mo

x

Fig. 1. Projection of the structure of MoBe,, on to (001).
Open circles are at ¥ = 0, solid and shaded circles at y = 1,
and crossed ecircles at ¥ = } and %.



3. &Y [Be (11)]

(1) BeO. BeSEHEA M, Be(OH),, Be(hal),
wERME, Fla.

BeO + SIO, = BeSiO, BeS + SIS, = BeSIS,

BeO + Na,O = Na,BeO, BeS + Na,S =Na,BeS,

2KF + BeF, =K, [BeF,] BeF, + SiF, = Be[SiF]

(2) BeSHIRKfE
BeS + H,0 = Be(OH),¥ + H,S 1

BesN2 4] K ##

89



\/ a" \/

,___E

H‘-—-.
/

(3) BeCLE4-4EIREEH (fibrous structure)

A IR FIBeCl2 R B BE 1k FCaCl2?
2BeCl, = BeCl,” + BeCl*; CaCl, = Ca2* + 2CI"-

YR TR AT ENE T,
(4) BeCO, , Be,(PO,), & T K.,

T RRBC B
(B RER )5

A%, WAEREIABE KR L

2GRS L

(NH,),CO5; + BeCO; = (NH,),|

are poisonous !

Be(COs),]
EERFR AR Be fr

Beryllium compounds

20



v/

* EEEREEEMRER
%, it RS
SR EEN.

* EAKPETILERSE.
REHEE. BRS®. &
iH.

K FER B b Ry RORGT
MRS, S8EMEXE
PRI PRI KA

* BNV HEAWZIERN.
AEZEmMTH, BhEkE
EEAENESR.
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1.

#HE5E

3

BRI
X, B
£ R0 DA RR R AR IR 2R 7T
R AR fRLE

(Magnesium and its compounds)
R BAR T, BT BTFEEEHN

1SRRI . B,

(S

K BRAERTE R B B AU R eI A e AR, A e il Ak

P

* A
* A
* .
*

*

A1

¥=Yi\

Bl pe S R A EZRM S A REAY) .

B HIK SN 18
BN BRERER . BRRR SRR T K

BRI IR Eh 7 JIN S 12 BE 40 A D AH N ) S A 0 A0 — S A b
BRI Y ReE T AL, BRI ISR

2 HHEm It gm. KRN FEARZ, B

Mzgis, A R, 20°C NAMEE12.89, SAMEEHETE,
20°C 1 %% F£0.000959 92



2. The simple substance

E&E, &, WBeFHHE,

(1) E

-‘2}?% Ej?ﬁ%'f/ti-a %}o

(2)

Mg%\ /X/I\/IgX2
TN

MgsN2 MgS

MgARBEEESH, XM, MgH,RBEE]#EIRE

g

MgBr,5NaH & BB ke 8 R iR 4E .
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1) 534 )& 5 i i b :
2Mg+0,== i A==2MgO
3Mg+N,== i #A==Mg;N,
Mg+Cl,==ri #A==MgCl,

2) HIKH =M
Mg+2H,0==A==Mg(OH),+H,1

3) EMIIN:
Mg+2HCI=MgCl,+H,1; Mg+H,S0,=MgSO,+H, 1

4) SEAAYIE
2Mg+CO,== i #A==2MgO+C
N ZNAER TN — A KRR A E E

C+0,=CO, (5K , HrbAfE N G A WA BBl A B

5) S5 N

Mg + 2NH,Cl ===MgCl, + 2NH,1 + H,1

94



(3) A )P

ether

Mg+ RX === RMgX (# K&#1, Grignard reagent)
(4) il
a

4=/A CaMg(CO,), = CaO-MgO + 2CO,
2Ca0-MgO + SiI = Ca,S10, + 2Mg
b. MgO+C—222%0C y Mg+ CO
MGy — > M@y, 99.999%
c. Compounds:
FEHCIKIS A In#HAMgCL, -6H,07K ?
MgCl,-6H,0 = MgCl,, + 6H,0
WA Fi%#14%&: MgO + Cl, + C = MgCl, + CO

95




H &

> B AR E =T SR, IR TR
ST ERG R #iEEE4, RS (S5
EREE) , BEAEH AR, Krolliki &
K.
> &R | TR & B OB Rk DU G 5
&g
> HTEELRER SR, [55%-30% 4 HIAREE &R,
A BRIFRNmEgE, T aENE. iR EEH. § -»
BANRIFEE S T2ARI B, A T #lid i 2 4t
ERBIIEIEF . WA TN . RS AL L s o
HE B A
S IR TR EE SR, BRIk E, B
LY 3 38 e W )i B 5
> MABHELHITFIG, 55K (MgCLy) MG #h
(MgSO,-7TH,O) BLoAENZA AR T .




» > . -
1i®: X EHTE&
Magnesium alloy developments have traditionally been driven by aerospace
iIndustry requirements for lightweight materials to operate under increasingly
demanding conditions. Magnesium alloys have always been attractive to
designers due to their low density, only two thirds that of aluminium. This has
been a major factor in the widespread use of magnesium alloy castings and
wrought products.

A further requirement in recent years has been for superior corrosion
performance and dramatic improvements have been demonstrated for new
magnesium alloys. Improvements in mechanical properties and corrosion
resistance have led to greater interest in magnesium alloys for aerospace
and speciality applications, and alloys are now being specified on programmes
such as the McDonnell Douglas MD 500 helicopter.

Key Properties

Light weight

Low density (two thirds that of aluminium)
Good high temperature mechanical properties
Good to excellent corrosion resistance

Applications: aerospace, motor racing, bicycle, etc. 97



JU. Calcium subgroup (Ca, Sr, Ba)

1. B RGP UM, HEE&Y)
ArERE

2. The simple substance
1) WEteR, X TER
E—BREEIR,
SEEHTE, Sr, Baf#.

Spectral lines of Calcium

98



2) 5B RMNM: MEN2, H

2,C, SikRM

(3) 5EE&BRMN: ERERENY)

(4) 5H0 ™M

M+ 2H,0 = M(OH), + HzT

M(OH)2 M Ca —> BalIA /&)

RN, HERE

- 3 o

929



3. Compounds

()84 CaCO,=Ca0 +Cco,!
2Ba(NO,), = 2Ba0 + 4NO,} + O T
L&A, R R EFIE

Ba(NO,), + 3H,0, + 2NH,-H,0 = Ba0O,-H,0, + 2NH,NO, + 2H,0
(2) BB L
M(OH), + CO,, = MCO, + H,0O
MBeCOs ——BaCOsHfa s 3.
XX EHTEFRBWAEAERB[EZEAREA! 1.

BeCOs3 MgCOs3 CaCOs SrCO; BaCO;

100C 540°C 960°C 1289°C 1360C
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Calcium Compounds

Calcium carbonate (CaCOy)

Calcium hydroxide solution
(Ca(OH),) (limewater)

Calcium arsenate (Caz(AsO4),
Calcium carbide (CaC,)
Calcium chloride (CacCl,)

Calcium cyclamate
(Ca(CeHy1NHSO;),)

Calcium gluconate
(Ca(C6H;,0-),)

Calcium hypochlorite
(Ca(0OCl),)

Calcium permanganate
(Ca(MnQ,),)

Calcium phosphate (Ca;(PO,),)
Calcium phosphide (Ca,P.)

manufacturing cement and mortar, lime, limestone

detect the presence of carbon dioxide by being
bubbled through a solution

Insecticides
make acetylene gas

ice removal and dust control on dirt roads, in
conditioner for concrete, as an additive in canned
tomatoes

sweetening agent
food additive and in vitamin pills

swimming pool disinfectant; bleaching agent, as an
ingredient in deodorant, and in algaecide and fungicide

In liquid rocket propellant, textile production, as a water
sterilizing agent and in dental procedures

a supplement for animal feed, fertilizer
fireworks, rodenticide, torpedoes and flares

101



Ca+2HCI=CaCl2+H2 1

N2+3Ca=Ca3N2

3C+Ca0=CaC2+CO 1
CO2+Ca(OH)2(:L&#)=CaC03|+H20
2C0O2(it &)+Ca(OH)2=Ca(HCO3)2
SO2+Ca(OH)2===CaS03+H20
S03+Ca(0OH)2=CaS04|+H20
2HNO3+CaC03=Ca(N03)2+H20+CO2 1
2CI2+2Ca(OH)2=CaCl2+Ca(Cl0)2+2H20
CaH2+2H20=Ca(OH)2+2H2 1
2HF+CaCl2=CaF2+2HCI
Si02+Ca0=CaSiO3
Si02+CaC03=CaSiO03+C02 1
Ca(HCO03)2=CaC0O3+H20+C0O2 1
CaCO,==H#&==Ca0+CO, 1

102



AE wr a
S NS T
e S T
e xR & A
-k FE R *
AL A BYR . ES
O Q 4 & WL ¥

CaCO; — CaO+CO,1

\’
CaO + H,0 = Ca(OH),

Ca(OH), + CO, = CaCO,| + H,O
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il 2%

> EfRYE: 19044E$: H (W.Rathenau)
1. oA KAaE SRR RN 2 F A0S
CaCO, + 2HCI = CaCl, + H,O + CO,?

2. FEfEEACES
CaCl, =(JE H#)= Ca + Cl,?

Ul

FBJRER: e R EEIE

CaCO, — CaO + CO,1
3Ca0 + 2Al — ALO, + 3Ca

Ca, Sr , Bath r] - FEFE S 1,
Caf I e S HET-E

P
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(3) M(halogen),

MCIL, , MBr, , ML 7K
(4) 7K fE1H

MH, + H,O = M(OH), + H,

M.N, + 6H,0 = 3M(OH), + 2NH,
(5) TR

CaCl, £, + 6H,0 = CaCl,-6H,0

(6) TEAMD
HEMY. A AL

MO,. MC,. MS_ (n=2-5)
WHBENLY: M(O,),(Ca, Sr, Ba)
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8 S EAL 1% > i > FEehEiE > EX 17 A A | el -

SR R4S 115 ?

z01z-02-29 08:55:00 FEF: FARECH) BAAES FNEHE P EEERED

FllmEREE AR AZERE20ER, HlFEASPEAZETEM0ER. _
F Recommended adequate intake by the

AR, EHE, BEARNR AT 60 AL BRFHAABTING, Ot for calcium:” =
T “$RIMNS” FHIR, BiXie RINTHEREEMR AR, Ea—t, AST e i i
EHBFIMETIERIK, AREEMERA A SRR T « FRIRETITIH |00 mons =
/=12 months 260
RERYITERTIEH LA RER S BEERAT, FYMERSH  1-3years 700
NN E A E620EH, STESHFLEBNEN—RERs0ERTEARE |48 years 1000
ETEER. M, TRiEY, SRH)ETRNEREEING, B, INE—ETEH  oi1ayears 1200
1 A AR it A - 19-50 years 1000

B1-70 years (male) 1000
51-70 years (female) | 1200
71+ years 1200
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R-3 N
v S BRIEANY IR

1. MOHAMREKRKE ST, T AFERM

BT 3\

M—OH=—7ZM"*+OH- WA HE
M—O—H=—7—=-MO +H* BRH =

2. MOHERHE A i) H 45
(1) PAZ/r VB Z%J%?Eﬁﬁ%fc,
HBFHO=Z/r,

DK, FREG| IR, BGERIF

VB TFF3E:

O/, B E IR

i%; )&Z’
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(2) ZHrlhlelo m (1A)NEAL,

(3) I
BT

BERRTETF

Jo <2.28}
2.2</d <3.2/y
Vo >3, 28

~—

]|
, MOH NmR
, MOHAP

.

.

, MOH: AN

FEARNEBIAEMNY, BT
LT BRI, Vo {E_‘
RHIR/D

.

Ul
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LIOH
NaOH
KO
RbOH
CsOH

Jo

1.2
1.0
0.87
0.82
0.77

W3, Be(OH):
163 Mg(OH)2
1t Ca(OH)2
B8 Sr(OH):
\ Ba(OH)

Bl 14 1 5%

Jo
2.54
1.76 |f
1.42 |34
1.33 |5&
1.22 v

1
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—. BETFaikE

=3

1. 25N,

2. FRRISMR Bvr 5 AN 2 W 19 ;
AR 2

PL R T

L R A

HMRYE "

(1) IEEFHIF

N

4

1% Iﬁ]}@

b

iy

NE

MFHIBRE > MFPHIB R E

553
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(2) BHE FRIEREBRE, BRI RER
Bﬁéﬁ)ﬁ%ﬂ?ﬁmi%ﬁﬁfﬁd\
so,2 , I, CrO, 2 HIEE K, M

L] —>Cs+ Be2+—>Ba2+B'J{§ﬁE§Jﬁ/J\O

(3) HE T REBUN, HEIERE R E
ERIET PRI KT K.

WF , OH &R/,

MLiT—>Cs*,

Be2+—> BaZ* ¥ R KX,

5.50

5.00F

Be(OH),

Mg(OH),

4.00 t 4407
g 300 o5 3307
e g
1.00 ¢
L.1opba
0.00 1
: ' : : ' 0.00
90.0 110.0 130.0 150.0 170.0 190.0 210.0 0.0

Ar/ pm

PK A S VT EE (R O BUE (K )y, siECR)
Ar (BN pm) KRR IR 14022 I 40 .

200 400 600 800

Ar/pm

Ref.: ikizfg<E, K42 2006, 21, 62.
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Wig: WRERF R
AH@@ =U ( HH%ﬁB)"‘ AHZKA
PiE URIAH, Bl 1E 3 B F K/ AL B@w*’}&ﬁ
1

U:f1( i, ) AH . =1, ( )—I—f (—)

By BT HT STUR =

12@1%?%4\*5:&51‘ AHTUK, AR THRE.
B Ny <<y B, SFAH A=

EERETENBARR, BRTAH K, HiEE.

CINRIENE TERBKRR, FBKERAPRABEBIERD.
= MR BEIEAETFIREBRAN, LEVRBRERX
MR ERETFEZNAAKE, F KD RABIE LR
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X —RORUARIF R T R ZARB B TE9i
(ﬁ:’?ﬂ RN KI5 KR B R E T
RIFIEL R/

HlmNa[Sb(OH),]. Nazn(UO,),(CH,COO0),-6H,0.
K,[Co(NO,)]. K,[PtCl ]+ K[B(C H5)4]%%‘|ZEX&@E(J%
th. 4. Rb. CsHeAd WE’JK%MEX&@
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Chapter 10.&EANWM L &R

(P52)
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