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F+E = WERMBLIER
Chapter 10 Hydrogen. Alkali and Alkali-earth Metals

§10-1 AXHMAEW
Hydrogen and its Compounds

SAEIRFR P BEREAE 1A, XReHEVIA, XA B T8 —FIHMEA AT 182
—. BJRS (Simple Substance of Hydrogen)

1. AMFfE (The isotopes) “isotope” iXAMiA|A& e E Rl K &l (F.Soddy) T 1911
IR, BT 1919 55 — A7 9% [E L2 5B i (F.W. Aston) il B¢ 1 BT %4 (mass
spectroscopy) AN AT LA SK 4> B AN R o & ok 3 BLlle .l st
Ja M 71 MonE R ERER ) T 202 PIEIALER . B N RIER 2 R TR A WA R
R, WA T HJUER T, BAERRIEEMER. 37 1931 4% 3% E &S H IR 1)
JEH (Urey) Hs At i B FAE TR EAE = AH mR(14K) N8 28K, fERET T =
ETHREAT, KIL T PESCN 2 MEA, PO JERIE, LREEZR ORI T i E A
93 Bk IR R IR FAE AR 28 =AW — K. JCHRERZECR, 3RS
1934 4E[1) Nobel {12544

(D p ptn pt2n
Protium Deuterium Tritium
o e I

(2) fifE: FFEE: H (99.985%) . D (0.015%) « T (10715%)
Bt H: D=6800:1 H:T=10°:1
(3) preparation:
Tritium &2 FFEH (half-life) A 12.6 5[ BIBU R T AR

T —— JHe+ f W R BIA ARG T )
2

fildn: SLi+ jn—— jHe+ 3T %é 1 AR
YN+ in— 2C4+ 3T mo

2D AHEA (D0) $AE, AR & TR HDO| Afit;0m0

HzS + D20 ==, DaS + HoO [ JRBR ] #6 H K

N

T AR E K, AU DY S K, RS AT HaS. K
B4 DO ARELERF SN A dr,  E/KON — R ESEY M BIEIKR FE N 60%.

T 73 9 11 Do B 2 1) ) A7 3% 1) A0 2 L o P[RS 2R 9 A 2 B T 25 )
filtn: HD(g) + Hy0(g) Ha(g) + HDO(g)

(4) AR RTE BRI RR Hay Dov Toy TEALZEVERT B8 AAHE, (EPEPER A %5,
W H, b.p.=204K, Drb.p.=23.5K, FOAMREFRIRELEETRK—f%, HO05
D20 a5 (101.4°C) 122 i) s e 1 B8 7K Hp 1) U 57 7K o S o i
2. Properties:

(1) physical properties:
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Ho BREVE TR RN, ATBACAAE SR (Pt Pd) M4 (LaNis) .
WA NHRAEEE: TR T, T AR ILE, BT DU FER
R BAE SN, FEESELENTT 5T imi% (hexagonal molecular lattice) -
(2) chemical properties:
a. FUBERRR: BTN Is', ATRUBE TA 2K, (HE— B H T e B e —
RS, WrAEVIA 2K, BlH+e——>H .
b. WE M
54 J&: 2Na+H, = 2NaH Ca +H,=—— CaH»
53k4JE: Hy+F,—— 2HF
c. MJFEPL:

CuO+H,=—— Cu+ H0 WOs3 +3H, =—— W + 3H,0
3. Preparation
(1) 2% Zn+ 2H" == Zn?" + Hy 1
2) Tk k.

FA#% 2H,0+2e——>H, +20H"
Pt 40H -4e——>0, +2H,0

b. KHESE: C+ H,0 = Ha(g) + CO(g)

c. BHM#E: CH,——>C+H,
(3) FERFAHN AR, I A AR 9 1 15 ol e
Si + 2NaOH + H,0 = Na,SiO; + 2H> 1
FH 4 43 Bl i B RE ok K 5 T 48211 Ca(OH)2 A NaOH [V FIA) £ K B e e

JRIZL BN, TR Hoo

Peri: BT, HERREAER)E D, BT ok A .
—. S (Hydride) MEUGEEETENS WD

a. M (FEOH H1)

§10-2 weRBTEREMEY
Alkali Metals and their Compounds

Lithium (Li) Sodium (Na) Potassium (K)
Rubidium (Rb) Cesium (Cs) Francium (Fr)
N LA e B TR A, 2l T ENREEAYHE S TK (B 7 LiOH RV R
NN Y EERB
—. General Properties
1. Valence electron of alkali metals:

() HEWRECH+H, ASHLEEANSES. FOVRE RIS BB REaR, A6
HI-1 FE. BIM+e > Mo ETK TEFMA T, ATUHFH AR
FEEY, WAL BNE L AR i BT B R S R, AT RO
23 Na™ BOG1E AT, Ui W1 32 2R 3 s AR N2 B L 3 Y A Na™ A Na—, )
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2Na en+CH;NH, Na+ +Na~
2Na(s) + C20H3606 = [Na(C20H3606)]"-Na "~
(2) BT EFEC, AR 8 IR (R F 70 e 4R 2 3 A 4 )8 R 1 2 TR 1Y)
TER 1N, DIl JmAR B, ARG Wi, HABAR R B/ Li &R
BB/, ERE R LEEhIE N, BT LR BRI A IR A
2. FERMEYINT, 48R DL TR SONRHIE, M2 — e BRI . R
BB TG CsF A L.
(1) AEBUR T 70 Nax(g). Csa(g) PAIANHESE S, e mondthrie, HEEF
"N
(2) Li F—24b & 3Lt ot ek, M Li — Cs L&Y, L4 k) .
(3) FLE &R AN, AILRE. B30 Lis(CHs)a H 4R

3. (01:4}*/ M
Li Na K Rb Cs
MY +e = Mol -3.05" -2.71 -2.92 -2.93 -2.92
M*+e = Mgme -2.1 -243 -2.61 -2.74 -2.91
* BOZHT LIt [M7K 4% S (enthalpy of hydration), {13 ¢~ / Licsoh = -3.05V

Born-Haber {E¥f:

M) > M'(aq) + e

l&%ﬁ T%Hﬁ P=AHZ + 1+ AHE
M(e)— M) + ¢
—. Lithium and its Compounds
1. General properties: Li (VT S04 B AR, HEWMLEE, Kl Mg Hiky

PR, X PO RFRAXT LR R (diagonal relationship) -

Li 5m4@cE (Na. K. Rb. Cs) X

(1) BRI L e S B AR, H 554 AL

(2) #ERIEHE AN, MAEKOT . O, Hth&.

() HEEREMENY, HALEEAGES N B S, Mt &8 S5 Ny fe EH#L

I
= o

@) RAEHESmRMNAER LG, (LR , & EEaEE N MC,.
(5) =FhEE (LixCOs+ LisPO4 Fl LiF) MR/, B0 481X = Fh Eh A AR /)N
(6) HHIANERBUAEY SENANLEEILEYHE
2Li(s) + C4HoCl— M2 5 [ iC4Ho + LiCl(s).  CoHsBr+ Mg—" 5 C,HsBrMg
(7) FF2EMEA BRI, 58
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(8) BIOEAALY. BRI (55 Mg AL 4Mf: 2LIOH 2 Li0 + HO,
Li2COs =x—= LixO + CO2, oAb & (I SEALY) . BRIR BRI #AE 70 ff; TI S AL 4
M%T%%,a%%%%%%:nmr::ng+mu

2. The simple substance

(1) Lithium is a soft, silvery white metal, m.p.171°C , b.p.1350°C ,density 0.534g-cm™ ,

the lightest of all metals.

(2) preparation: LiCl-KCI (m.p.350°C) — ¥ 147 fEvaseline or paraffin wax.
() SAREERN e, EEEZS S C. H M

(4) TEZESPFHEM, AR LixO FI LisN; 75 COx Hrhnsist, nlLARKE.
(5) 5&E (Mg, Zn. A15E) B, A& /EEALY) (intermetallic compounds) , 42
B (solid solution) + e gl iy AH B fif ik B 5 —FE 2
(6) 5 H20. HYRIZURNL, (HAEK A SR 22k, X FE 1 LiOH /N, 2R R
LiOH FHAS 4 @45 Ho0 8 H itk — 20 )R
(7) B Tritium FIRYE: SLi+gn—iH+3He . AERERIRF 7, Frllal DUEN RN
HE[I ¥ H1 7 (coolant) .
3. The compounds
(1) Li K —eAe SRt s et VAR LN K PR 5 FE S ) Mg Ca A& HAH A
(2) LiF LixCOs+ LisPO4 ¥ fif /1N
mLDH%Kﬁﬁﬁuth@HiéLMHHﬁ ZE I EAFE, LiOH A] LAME
9 FL I ) HL A
(4) B 5 AH AR FAb B & Hh T
a. RILIEIR S P (eutectic mixtures)
LiON3;—KNO; (m.p. 132°C)  LiNO3—NaNO3—KNO3 (m.p. 120C)
b. E#h (complex salts) M'LiSOs. NasLi(SO4)>-6HO
(5) TEAH ) (peroxide) N & Li FIFHIE, XA LizO2+ LizSa(persulfide)s LiCa(percarbide)
(6) Li U264 B 41 (spodumene): LiAl(SiOs)2+ #4741 (amblygonite): LiAI(PO4)F-
21 7= B (lepidolite):  Li>Alx(Si03)3(F,OH), FN & AL &40 m] H K il & L3, 7] LA &
FRORBGE, EI RN,
—\ Sodium and its Compounds
1. Existence: Na™fE NMRIMEAH (5 0.32%, fEHkHF A 0.6%, VAT 0.6%%] 1.5%.
TEEHRA Y, NafAfES S (rocksalt) : NaCl, T4 (mirabilite) : NaSOs-10H20+
VKA Ceryolite) : NasAlFs %68 %) (minerals) HA77E .
2. The simple substance
(1) 5 0y -
—f%  2Na+ O, = Na,0O» P13 5] NaxO 752 Na,Os + 2Na=——
() FERLANS S B, AR AN
2Na(l) +xS(s) = Na2S, x=2 — 5
(3) BN S KERL 1 NaOH() B, A2 AN R AN
2Na + NaOH(l) —— NaxO + NaH
(4) JRNEAGER TR THE, AR O

2Na,O
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Na(s) + (x + y)NHs3(I) = Na(NH,); +e(NH,),
e(NH;), —*— ¢ (NH,), (#f)

ZIRTCE R T A M SRR SR o 6 IR AN EA W, TR A g,
TERCHLTFXT, IR PR . BN SIS R, IR s e, RIS
B A 1A B <R MR, RO R R

2Na*(NH3), + 2NH;3(1) + 2¢- == 2NaNH(NH3), + Ha(g)
3. The compounds
(1) NaHCO: HJ¥ i £ /T NaxCOs [ i 2, 7] BAFH 20— %% (ammonia-chloride process)
Feihil % NaCl + NH4HCO; == NaHCO; + NH4Cl
Na[Sb(OH)e] ¥ AR /N, NaZn(UO2)3(Ac)e-6HO (EEFRAMFEEE 8D A T /K
(2) NaxCOs i %5 NaxSO4(s) + 2C ;. + CaCOs(s) = CaS(s) + NaxCOs(s) + 2COx(g)

ey L S A
(3) NaoS VAT S R NaoS,, REIINE NaS+ (x— 1)S—— NaS,
(4) organometallic compounds

3CsHg + 2Na 2NaCsHs + CsHg, 2Na + ph,C=Cph,——> phz‘C* C‘phz
Na Na

M. $#7%;tE (Potassium Subgroup)

1. K. Rb. Cs MM KEE, BREYN & Tt R, Mice?. aikKks
WA TG R WHRIE, Flin: KAISOs 12H0, APELLL T AAANKD T, [Al(H20)6],
FRINAIKGS T R & FKo

B Y): i 47 (Carnallite): KC1-MgClo-6H,0, 4 #: 85 8/ (Kainite): KC1-MgSO4-3H,0
A AAE TR, 85 (Fr) 1939 ERIL, HRUME, AR

2. The simple substances

(1) B& 7T Cs /& golden yellow 4, H e #BE lustrous, silvery—white, 4, %K, K
FEKEE, AAe g

(2) HSAEEE M
a. 5 SMN: HIEER S She 8 & i susmrma s S )R,

K. Rb. Cs n — 6
TR Mzsn{ Na  n—5  (REMEK -~ Cs i)
Li n— 2
b. HERM

(i) 5 02 =Bz M + O, = MO; (superoxide) (M =K. Rb. Cs)
TERE T MO s 4t ik
M,0. MO, REeH 832771315 M+ 0= MO»
MO; + 3M == 2M,0
4KO3 + 02 + H,0

(i) 5 O3 xM: MO;  4KOH +40;
(i) ‘ENTEAFRE
2KO, + 2H" == 2K* + H,02 + O,
2KO03; =— 2K0, + O,
KO3 7£ 7K Hdvis 73 fif
4KOj; + 2H,0 == 4K* + 40H  + 50,
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5 Bry R N R AR KE
3) '3 JBRMN, FEARSEENY)  (intermetallic compounds )
(4) 5 H0 )eJ¥i: Ru. Cs 57K %A BEYE
(5) #14%: K KCI(I)+Na=—— NaCl+K T K K35/~ Na, i [ a4 35T
TEME A 2KCl + Ca CaCly } +2K BT CaCla ANE TWRE, 13 SR ) 47 3R 4T
3. Their compounds
(1) wbE: 5 Lit. Na® MUk &4 =
MCIOs. M2PtClgs M3[Co(NO2)s] ¥ fift i 7N barely soluble )
(2) FHER LA AL
4LiNO; == 2Li20 + 2N204 + Oz 1
2NaNOs; =x— 2NaNO, + O, 1
2KNO3; =5= 2KNO2 + O 1
Mn(NOs), =—
NH4NO; == N20 + 2H:0

MnO; + 2NO;

§10-3 WiIeBREMEY
Alkali-earth Metals and their Compounds

Beryllium (Be) Magnesium (Mg) Calcium (Ca)
Strontium (Sr) Barium (Ba) Radium (Ra)
—. 1®M (General Properties)
1. Bt )E EBon+2 s
2. VRS AR L B e — 3K
—\ Beryllium and its Compounds
1. )it 5 Al fHfLl(diagonal resemblance), J& 4L A1) 4 43 J& (amphoteric metal), £ ¥ 1
O, DRSS, s, AR
FEERT, DA A (beryl): BesAly(SiOs)e, fE4 A1 (phenacite): BexSiOs f77E
HLCIEE (transparent) « HEIEKIEBEY) (admixture) FONFEF (gem stone) .
2k fi: green emeralds WF#E T A1: bluish aguamarines

2. The simple substance

(1) BeESLKNTT @A, REOHERANZ, W/ T EEA S 1

) 5ELERM  2BeO+ 0, 2BeO, Be+S=— BeS, 3Be+N,=—— BesN,
(3) Mtk
Be + 2H;0" + 2H,0 == [Be(H,0)4]>* + H, 1

Be+20H™ +2H,0 = [Be(OH)4]*> + H; 1
Be %4 1k HNOs F1¥K HaSO4 A28 A1 H (passivation) .
(4) 54BN :Be 55 d Xt & KN MBeiwMBer, A1 A 4707 (alloying

additive), # & Mok, 9055 A
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(5)Be 5 C XM, AR BeoC (5 ALCs 2%, e+ 4 &8 i #i e
MC, . ®i#E 5 HO B, AER CHss JEHH H0 RN, Al CoHao
(6) preparation:
AL JF % BeCl, + Mg =—— MgCl, + Be
3. The compounds [Be'" ]
(1) BeO. BeS #FEA Wi, Be(OH),. Be(hal), WA HtE, #l:

BeO + SiO, BeSiOs BeO + Na,O = Na;BeO;

BeS + NaxS NaBeS3 BeS + SiS» BeSiSs

BeO + 2H;0" + H,O == [Be(H20)4]**

BeO + H,0 + 20H = [Be(OH)4]*

Be?* Be(OH)2 [Be(OH)4]**

H,;0 H;0

2KF + BeF, = Ku[BeF4] BeF; + SiFy4 Be[SiFs]

(2) BeS 1)K fi#
BeS + 2H,0 == Be(OH), | + HoS 1 Be, N, A K fE

(3) BeCla 24F 4R 45 (fibrous structure)

1 cl
/ Cl“-—______ / \ /_,-' Q“-ﬂ-_____q . / \ s // Clﬁ-""‘"-—__q
Ee Ee & &
""-——-__CI,-"/ \CI/ "‘“-—-Cl/ \CI/ H‘Cl/

AP ANE RS ) BeCly FHLAE /KT CaCly?
AN 2BeClay(l) BeCl; +BeCl*, CaCly(l)
B HETC R AT A BT, MR A
(4) BeCOs3+ Bes(POs MEVE T7K, (B E LG, MR, WaliEiEE 1A 5L
B RR B M NI T
(NH4)2CO3 + BeCO3 = (NH4)2[Be(CO3):2]

Beryllium compounds are poisonous!!!

Ca?" +2CI

=\ Magnesium and its Compounds
L BRI PEF RAF T8, 5 B RR 20K, ry . =0.078nm  ry.. =0.034nm,

RIEER B e LB . fad.
7E H AR S DURERR SRR IR b A7 4E . BB A1 (Olivine): Mg)SiOy
H 2 fi(dolomite): CaMg(COs)>
2. The simple substance
() Ate)m, B, o Be A9flE, £ THHEAMLZRE,
() BHAREE RN

MgO-_ o X, ~ MgX N
NM R Mg R HE B 5 Ha SR,
Ny g\s MgH, R fE ] 3k 15

Mg;N, MgS

(3) BEEEH T H&4%: electronmetal: & Al3~10% , Zn0.2~3%.
Mg BT HaRE K, % D=18g  cm 3, {EA aerospace [K44 K}
159

SERERR, 15151 www.kaoyancas.net BFERBIEEWIMN, LyETHEIC RS BT



http://www.kaoyancas.net
www.kaoyancas.net

3
W
&
=
-
=
I
=
o

E. FRKEL. WSYHRRE, UiR: wwwkaoyancas.net

(4) 4%
a. Hzafi CaMg(COs), =— CaO-MgO + 2CO;
2(CaO-MgO) + Si = CazSiO4 + 2Mg
EBY2100°C
b. MgO+C—— Mg+ CO
ESTHE
Mg(Hl) === Mg(4) 99.999%

3. The compounds:

MgClo-6H,0 it /K 22 R A /K fif: MgCla-6H,0 == MgO + 2HCIl + SH>0
F#3 e 7K MgCla AT 7E HCI(g) B35 H I #A MgCla6H,0 flii 7K

MgCly 6H,0 ——2— MgCl, + 6H0

WA UM A S AL A (SOCL) k7

+6S0Cl,

MgCly+6H,0 MgClL, + 6S0; t + 12HCI

B ] 4. MgO + Cl + C = MgCl + CO
P, Calcium Subgroup Ca. Sr. Ba
1. S REREY UL MP e, HELAMARE
HAE BRI R BT A N: ﬁﬁ%ﬁ(calcne)\ H = £ (dolomite) EAIHIREA
Yo K F (marble), EAITHIE Ay /& CaCOs. 8 A7 (fluorite): CaF,, £ (barite
or heavy spar): BaSOs, £17E(gypsam): CaSO42H,0, K5 fi(celertine): SrSOu.
2. The simple substance
() RAGE R, £8P ES E—ZREOE, Ca %@, Sr. Ba K.
(2) 5AFEERN: M5 Now Hao C. Si RN
(3) H&ERMN: e E Y
(4) 5 H0 R
M + 2H,0 == M(OH), + H,
M(OH), M\ Ca — Ba ISR, &I VERS 55

(5) preparation:
CaCl, (1 Ca
) P et 3Ba0+2A1=3Ba+ALO,
SrCL, (1)

Sr
Ca. Sr. Ba WA/ AF/EEh A, Ca A A7 B 8T 5L
3. The compounds
(1) EHH:
CaCO3 == Ca0 + CO2 , 2Ba(NO;3), =< 2Ba0 +4NO; + O
A, AT AT VA 1S
Ba(NO3)2 + 3H202 + 2NH3-H,0 = Ba0,:2H,>0, + 2NH4NO3 +2H,0
(2) BRIR -
M(OH), + CO2 —— MCO; + H.0
M CaCO3 — BaCO; #AeE MEIG . X2 T3 7 R WA (contrapolarization) & i ] -
(3) M(Hal),: MCl. MBr2. ML & 7K
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(4) TKfFME:

MH, + 2H,0 == M(OH), + 2H,
M;N; + 6H,0 =—— 3M(OH); + 2NH3
CaClay 0 —229 5 CaCly 6H,0

Usual hydration number of common alkaline earth metal salts

Element Mg Ca Sr Ba
Compound
MCl, 6 6 6 2
M(NO:3)2 6 4 4 0
MSOq4 7 2 0 0

(6) LEMD . Y. 2T MO2w MCay MS, (n=2—5)
WHBAMAY: M(02):

LR

—. RS SHHIHIBRIEE
1. LA MOH MARE M A, 0T LAAELE P A 2 i 77 5
M—OH M*+OH~ ool =X 2 A
MO—H MO~ +H" R HM
2. MOH Bt i) )95
() BAZ/r fERIKYE,, Z RETFHAE, r AE TR, Z/r AR TH, &=Z/r.
TARGEM, Fro| ok, MWGIEETF BT, O—H #HI5S,
AR E; Rz, BEHAHE.
() # 7 Lh1x107"m KR, W@ <228, MOH MifE: 2.2<+d <328, MOH
NP D >3.28, MOH MEgE.
() FA—EHETENEBEENY, BT 8 TREREFE AR, Vo mE
BT E TR0 KN il

Jo Jo
LiOH 1.2 o Be(OH), 2.54 w
Mg(OH
NaOH 1.0 e gOM: ) 4 e
KOH 0.87 1 Ca(OH), 1.42 fig
RbOH 0.82 Sr(OH), 1.33
% %
CsOH 0.77 Ba(OH), 1.22
i P 1B 3§

Charge densities for the alkali meals and alkaline earth metal ions (C-mm™)

Ion Li* Na* K* Rb* Cs*
Charge density 98 24 11 8
Ion Be?* Mg?* Ca®* Sr?* Ba**
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Charge density 1100 120 52 33 23

=\ BTFaAREREEM
1. KIFE:  “HHRUEE
2. ERSVEMRVS VT 2 ORI DA R SR T R R 2 )
() IEEEFREEEA. B/, A5 %.
MF HIVE R > MF (B R
(2) BAES TR, L 3k v A B o T 4 i1 B0 B K T o/
NSO; 1. CrO; M4k, MLt — Cs*, Be®™ — Ba®* HIHH LI £ T AR E I8N o
(3) BHE T AR/ INIT, Ik IV AR i i 4 S D5 1 50 1 K T 16K
WE . OH 24/, MLIY - Cs*, Be? — Ba? HIMIBAL W00 7 AR L1 X
3. WHe: RIBHRATFEHE: A Gu=AHn— TASn (s—solution)
T A S EE RS R — AR/ (FU IR 7 2R 1) B A& AT AS) Fh i, W&+
76 M R U B [ 5 ASm FEAED 5 ITDAA oHim A2 35 1204 S5 R VA A 1) 6 B IR 32
TR IR (P N, 2 B A% BE(U) FZK B (A wHm) R E» BIA sHin = U + A wHim,
AR/, BT KITES X U FIA sHn #A R, X BITET U FIA wHin B8 1E 57187 R/ NE AL
AFTEAS [ (1 A8 AR -
1

U=/

I"M+ + I"X,

)

Awt = (=) f()

M

X

Enthalpy and entropy factors in the solution process for magnesium chloride and sodium chloride

Lattice Hydration Net Lattice Hydration Net
C d energy enthalpy enthalpy entropy entropy entropy
ompoun (kJ-mol™) | (kJ-mol™) charge (J’ K mol™ | (J-K'mol™! | (J-K'-mol™
(kJ-mol™) ) ) )
MgCl, +2526 -2659 —-133 +109 —-143 -34
NaCl +788 —784 +4 +68 -5 +13

M5, MgCly il NaCl B R FE A (G 53 51 —99kT-mol~! Fl-11kJ-mol~'. M
B2 RERE, MgCly R AR PR Z0 i B AR, T NaCl 9538 PR 300 v fid i
FEEFI.

Aoy o B X UAR, RNIEGE T RMMEER, AT UK.

Hon, <<r B, XtAwHL AR BUIEGE T EBRR, AT AL R
RIESE T 2RI, BLKE BRI RIS IR/, #ilin M5 Clo, 2%
BT ClO, B 72K, MLIT - Cs™ BTFH/KERERDN, BTk LiClOs i i BEEUR,
NaClOq4 7E 7K VA iR EL LiC104 237 3 — 12 /%, 1M KC1O4, RbC1O04 Al CsC1O04 [ iR
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Element Reaction Flowchart

Li,CO;s

CO,

LiOH «*2— 1,0

WO 6,

LiCle2— Li —2 LN
C4HoCl
LiC,Hy
CzHgMgBI’

[ C;HsBr

The three most important elements of this group are lithium, sodium, and
potassium; flowcharts are shown for these three elements only. Remember,
only interrelated reactions are shown on these flowcharts, not all of the im-
portant reactions.

MgCl+— Mg —

Mg;N,

»MgO

Lithium and Mental Health

SERRR, TEV

Na,CO; NaHCO;,
CO;
NaOH «*2Na,0,
NaCle—%— Na —» NaNH, K,CO; +——2» KHCO,
/ \'1:.@14 Ico,
NaPb KOH +2— Ko,
CyHsCl H,0 6
(C;H;s)4Pb Na =X, ¢k —%,
Ca;NZ
A
N,
. Call, =4 Cy CaC,
H >Mg?2+ \ /' \
H,O
CaCN,
H.V \ /~l o
Ca(O CaCO;s
S e s e

The saga of the use of lithium ion to treat a mental disorder is an exam-
ple of how a discovery is made through a combination of accident
(serendipity) and observation. In 1938 an Australian psychiatrist, J.
Cade, was studying the effects of a large organic anion on animals. To
increase the dosage, he needed a more soluble salt. For large anions, the
solubilities of the alkali metal ions increase as their radius decreases;
hence he chose the lithium salt. However, when he administered this
compound, the animals started to show behavioral changes. He realized
that the lithium ion itself must have had an effect on the workings of
the brain. Further studies showed that the lithium ion had a profound
effect on manic depressive patients. To this day, lithium ion is the safest
and most effective treatment for manic depression, although careful
dosage and monitoring are crucial because too much lithium ion can
cause cardiac arrest (a blood level of 1 X 10 mol-L ™" is optimal). The
lithium ion appears to function by blocking an enzyme pathway that
uses the magnesium ion. Thus the diagonal relationship seems to ex-
tend even to biochemical roles.

Ironically, the discovery of the health effects of lithium could have
been made much earlier, because it had been well known in folk medi-
cine that water from certain lithium-rich British springs helped alleviate
the disorder. More recently, a study in Texas showed that locations hav-
ing lower levels of hospital admissions with manic depression correlated
with higher levels of lithium ion in the local drinking water.
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Isotopes in Chemistry

In our discussions of the chemistry of elements, we rarely mention the
effects of isotopes on chemical reactions, yet such effects are of consid-
erable importance, particularly for hydrogen where isotopic mass differ-
ences are so large. The difference in isotope masses can affect reaction
rates and in the position of equilibria. We have a better understanding
of the role of isotopes as a result of the Bigeleisen-Meyer formulation
(co-discovered by the same Maria Goeppert-Mayer, who we mentioned
in Chapter 2). This relationship showed that bonds to light isotopes are
casier to break than to those of heavier isotopes. Thus the heavy isotope
of an element will favor chemical species in which it is bound more
strongly. We find, for example, that in the environment, the heavier iso-
tope of sulfur, sulfur-34, is slightly more abundant as sulfate (where sul-
fur has strong covalent bonds to four oxygen atoms) than as sulfide. It
is possible to separate isotopes by means of chemical equilibria. A good
example of an isotope effect in a chemical reaction is:

HD(g) + H,0(g) = H,(g) + HDO(g)

The plots of energy wells are shown for the four species in Figure 7.1.
It can be seen that deuterium forms a proportionally stronger bond
with oxygen than with hydrogen. Thus there is an energy preference for
the HDO/H, combination; or, in other words, the equilibrium lies to
the right and it is the water that is enriched in deuterium. It is by means
of a series of such equilibria that pure D,O can be produced.

Carbon is another element for which isotope effects are particularly
important—in fact, the proportion of carbon-13 can vary from 0.99%
to 1.10%, depending on the carbon source. When carbon dioxide is ab-
sorbed by plants and converted to sugars, different photosynthetic path-
ways result in different fractionation of the carbon isotopes. For exam-
ple, from the carbon isotope ratio, we can tell whether a sugar sample is
derived from sugar cane or sugar beets. These isotope ratio tests have
become invaluable in checking consumer foodstuffs for quality, such as
the possible adulteration of honey or wine with low-cost sugar solution.
In the chemistry laboratory, there are many applications of isotope ef-
fects, including the correlation of infra-red absorption spectra with mol-
ecular vibrations.

H,
T AEymp| HD
& H,0
3
&
AEy,ompo
Figure 7.1 A plot of relative HDO
energies for the hydrogen gas— e
water equilibrium for the hydrogen
and deuterium isotopes.
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