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FTE = BEEMBLIERE
Chapter 10 Hydrogen. Alkali and Alkali-earth Metals

§10-1 AXEMAY
Hydrogen and its Compounds

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

1. AMFfE (The isotopes) “isotope” XAl e EH Rl K &l (F.Soddy) T 1911
IR, BT 1919 45 — A7 9% [E AL 2= 5B i (F.W. Aston) il B¢ 1 57 #E{X (mass
spectroscopy) AN AT LAHISK 2> B A R o & R I HLlle o E . Al st
Ja N 71 MonE RSB T 202 PIEIALER . Bl N RIER 2 R TR S A WA R
R, WA T HJUER T, BAEREEEMER. 37 1931 4% 3% E &S H IR 1)
JEH (Urey) B A i B FAE IR EAE = AH s (14K) N8 28K, fEREF T =
ETHREAT, RI T BESCN 2 MEA, PO JERIE, LREEZR ORI T iR
N3 . SRR IR B FAEA I B = ERY N — R JCREZCER, 3RS
1934 4[] Nobel {1243

) p ptn pt2n
Protium Deuterium Tritium
o e Il

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

T—— JHe+ = il R RRLA A4 T )
2

Hlt: SLi+ in— > ‘He+ T i 1 8B
UN+ gn—> FC+ T mo

2D ATHEA (D0) $E, AR & T HDO| Afit;0m0

HiS + D0 === DiS + H:0 i Bk 0K

~

T A E K, AU DY S K, ERE AT HaS. iR
B4 DO ARELERF SN A, FE7KON — R ESAEY I BIEIRFE N 60%.

TXh 4 B 1 Do B 0 ) [ A7 2 ) A 2 B L ) [R) 7 3% PR A 2 B B 5 2 B o
#iltn: HD(g) + Hy0(g) Ha(g) + HDO(g)

(4) AR R RMIRR Hay Dov Toy TEALZEVERT B8 AHE, (EPEPER B A 25,
W Hy b.p.=20.4K, Dyb.p.=23.5K, FONRETHBREILARE T K—f%, 05
D20 P ri (101.4°C) bR 22 i) S e 1 B 7K Hp ) S0 B A5 7K e (1 S B R A
2. Properties:

(1) physical properties:
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Ho BEVE TKRIEHLIA R, ATBACAFERJE (Pt Pd) M4 (LaNis) .
AT NRAEEE: Eaig TR R, T AR IS, BT DU R
m R B SR BESERENTT 7T imt% (hexagonal molecular lattice) «
(2) chemical properties:
a. FUBERRR: BTN Is', ATRUBE TA 2K, (HE— B R T e B —
RS MuJR/EVIA 25, I H+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) 2865 Zn+ 2H" == Zn?" + Hy 1
2) Tk E:

FA#% 2H,0+2e——>H, +20H"
Pt 40H -4e——>0, +2H,0
b. KM C+ H,0 = Ha(g) + CO(g)
c. BEfE: CH,——>C+H,
(3) FERFAN AR, I R A 9 1 155 ol e
Si + 2NaOH + H,0 = Na,SiO; + 2H> 1
FEREE 45 o RS A R 5 T 4821 Ca(OH), 11 NaOH TR A £ K el e
JRIZ B, T Hae
Peri: BT, HRREAEEIED, BTk A .
—. S (Hydride) MEUGEEETENS WD

a. M (ZEOH 1)

§10-2 WmeRTEREMEY
Alkali Metals and their Compounds

Lithium (Li) Sodium (Na) Potassium (K)
Rubidium (Rb) Cesium (Cs) Francium (Fr)
EAZ T ARG R AR, Al T ENREEH %% T K (Br T LiOH IV AR AL
N Y BERB
—. General Properties
1. Valence electron of alkali metals:

(1) HEME A+, AHHEEEAS. FOVE R SE ARk, Ak
HI-1 FE. BIM+e>M™ o ETK TEFMA T, AT AR
FEEY, WAL BNE TR o BT B TR SR, AT RO
53 Na (OGS, SO ER) S RARZ P H & H Y Nat f1 Na™, I

2Na — N o Na* + Na~
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2Na(s) + C20H3606 —— [Na(C20H3606)]"-Na
(2) T E D, B A< 8 )R T 2 R R ) b e ok 22 B0 At 42 )8 R 1~ 18111
TER I/, DS g AR B, (R W, HABERR. %E/Ah. Li KEE R
BB/, ERE LML, B R BETBE A R A
2. FETEBMEYIN, B @R DO A & N RHE, BRI — @ RS . B
Y B T &) CsF A itk .
(1) AEBUR T 70 Nax(g). Csa(g) PAFANHEEE G, e iondthrie, HEEF
G
(2) Li F—24b &P 3Lt it e K, M Li — Cs L&Y, L4 gk )y .
(3) FLE &R AN, AIARE. B30 Lia(CHs)s H 4R

3. 401:4}*/ M
Li Na K Rb Cs
M*+e = Mol -3.05" -2.71 -2.92 -2.93 -2.92
M*+e = Mame 2.1 243 -2.61 -2.74 -2.91
* @i LitB T [f)7K 4 i(enthalpy of hydration), 13 ¢ °. Loy = 305V

Born-Haber 7fG¥f:

M(s) 5 > M'aq) +e

iAsHﬁ TAth? P=AHT +1,+ AyH,S

M) — > M@ + ¢
—. Lithium and its Compounds

1. General properties: Li V5T 5HEEA R AKX A, H5W 148, Kl Mg ik
PR, X PO RN LR R (diagonal relationship) -
Li 54 )EcER (Na. K. Rb. Cs) X 5.
(1) BEAOHERE LL e JEm AR, H S50t Em AL
(2) M MIEE AN, MAEKOT . O Fth&Y.
(3) H5EAEMENT, HAHEEAGES Ny A G, &85 Ny G E N

I
= o

4) RAHEEmRMNAR LiCy (LD, it 4EERETE & MCa.
(5) =Fh#EEE (Li2COs+ LisPOs I LiF) ¥R/, Bl b4 Jmix = Fh b IV AR FE /N
(6) B NGBS 5B L4 8 A A A )
2Li(s) + C4HgCl—M2 5 [iC4Hg + LiCl(s).  CaHsBr+ Mg —— C,HsBrMg
(7) VFEHNEA m SN, S8R0
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" - ) a
(8) HIAEEMNY) . BRER LI (5 Mg AL 40fi#: 2LiOH —— LixO + H.0,
LixCO3 == Li,O + COa, HoAhBH 43 J&8 (S B2 h I #HE 43 ik, T S A
A i, SIS . 2NaH —— Nax(g) + Hato

. The simple substance

(1) Lithium is a soft, silvery white metal, m.p.171°C , b.p.1350°C ,density 0.534g-cm™3 ,
the lightest of all metals.

(2) preparation: LiCl-KCl (m.p.350°C) —2¥ 17 fEvaseline or paraffin wax.

(3) SAEEmRN A, EE#ES S, C. Ha M

(4) E SR HEA, A LioO A LisN; 76 COx s, Al LUREE.

(5) 5&JE (Mg, Zn. Al5E) M, Hpi&)E EAY) (intermetallic compounds) , 4
VA (solid solution) + FELE RS {7 AH BV MRS B 5 —FERE .

(6) 5 HOv HRIZUR ML, (BAEK A RN, X A& T LiOH SN, AR
LiOH PHf54: @45 H,0 B H gt — B | B

(7) T4 Tritium MK §Li+inodHetHe o BT AERISR T, 57 DART BLIE Hg 2 7
HEF) ¥ #1771 (coolant) .

. The compounds

(1) Li B = oAb A 22 e on . IS A BEANK g it S5 A R Mg Ca A & 4AH
(2) LiF LixCOs. LisPO4 ¥ fif /1N
mLmH%msaEAWHLmeéLMHHﬁ X5 HEHANE, LiOH ff LAME
MBS LI ) FEL AR
(4) B h 5 AHZRAU) FLAd B <5 SR T A%
a. RILIEIR S Y (eutectic mixtures)
LiON;—KNOs3 (m.p. 132°C)  LiNO;—NaNO;—KNO; (m.p. 120°C)
b. E#h (complex salts) M'LiSOs. NasLi(SO4)>-6HO
(5) TEAH ) (peroxide) N2 Li FIFHIE, XA LizO2+ LizSa(persulfide)s LiCa(percarbide)
(6) Li (35654 4% 47 (spodumene): LiAI(SiOs)2+ #4541 (amblygonite): LiAl(PO4)F .
21 7~ Bl (lepidolite): LixAlx(SiO3)3(F,OH)> FN &AL A0 AT H Kl 2 B3, ] DA 2%
FRERE, I ERAME.

Sodium and its Compounds

. Existence: Na'fE AR 5 0.32%, EEkFH 0.6%, EAULAIF L 0.6%%] 1.5%.

EHARAT, Nafffiash (rocksalt) : NaCl, TS (mirabilite) : NaSOs-10H20.
VKA Ceryolite) : NasAlFs %654 (minerals) HA77E .
The simple substance
(1) 5 02 J:

—M 2Na+ 0= NaxO>  EA55 NaxO 7% NaO» + 2Na —— 2Na,0
(2) MERLEIEN S S IR, AR iR AL

2Na(l) + xS(s) = Na2S, x=2 — 5
(3) WS KERL ) NaOH() R, A2 AN R AN
2Na + NaOH(l) —— NaxO + NaH

(4) ERINEARIR T REVE T, B U (IR
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Na(s) + (x + y)NH3(I) = Na(NH,); +e(NH,),
e(NH;), —*— ¢ (NH,), (#f)

VR g S AR S o 3T IR AN T, B TR A T,
TR, R IR PR . ANV IR, VIR e e, RIS
G . K [a) R B B A A, O R

2Na*(NHs), + 2NH;(l) + 2¢-
3. The compounds
(1) NaHCOs HJ¥ i & /N T NaxCOs FITE il , W] LA 2 —57% (ammonia-chloride process)
Skt % . NaCl + NH4HCO; NaHCO; + NH4CI
Na[Sb(OH)e] ¥ iR FZ /1N, NaZn(UO2)3(Ac)o-6H20 (FERRAMELEEAN) AR TK
(2) Na,CO; [l % NaxSOa(s) + 2C 1w + CaCOs3(s) = CaS(s) + NaxCOs(s) + 2COx(g)

2NaNH»(NH3), + Ha(g)

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

3CsHg + 2Na

2NaCsHs + CsHs, 2Na + ph,C=Cph,——> phz‘C— C‘phz
Na Na
M. $#7%;tE (Potassium Subgroup)

1. K. Rb. Cs &MU MEE, WHRHEVN S PR ER R E, MIEEY. dikKE
YIRS BTG R HFE, H140: KAISO4 12H20, AP T AANKS T, [Al(H20)6]*,
FERINAIKGS T R & FKo

FERIH ) : X 4 (Carnallite): KC1-MgCla-6H,0, £ #5855 (Kainite): KC1-MgSO4-3H0
WREEAAAE T H, B (Fr) 1939 SERIL, HRUTE, A,

2. The simple substances

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

(2) HSAEEE M
a. 5 SN HER S 5HEEmey i sSUaa iy s S xp,

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

() 5 02 ] s M+ 0,
TERE T MO A28 i

MO (superoxide) (M =K. Rb. Cs)

M>O. M0, REEH B3/ M+ 0, MO,
MO:; + 3M == 2M,0
(i) 5 O3 xM: MO; 4KOH + 40; 4KOs3 + 02 + H,0

(i) ‘ENTEAFRE
2KO; + 2H" == 2K* + Hy02 + O,
2KO03; == 2K0, + O,
KO3 787K Hids 43 fif
4KO; + 2H,0 == 4K* +40H ™ + 50,
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c. 5 Br R AEBESE

}) 5&ExN, EEANESEOAY)  (intermetallic compounds )

(4) 5 H0 &J: Ru. Cs 57K KA BELE

(5) #14%: K KCI(I)+Na=——= NaCl+K T K §I3# 5/~ Na, i s[4 35T
A+ 2KCl+ Ca CaCly 4 +2K 1T CaCly AV FRE, 18 [ M. 1) 45 AT

. Their compounds

(1) ¥fEtE: 5 Lity Na® AL G4

MCIO4. MaPtClss M3[Co(NO2)s] ¥ i B 71N barely soluble )
(2) R Eh AN 1 -

ALINO3 == 2Li0 + 2N,04 + 05 1

2NaNO; === 2NaNO; + Oz 1

2KNO; == 2KNO; + O, 1

Mn(NO3), =—

NH4NO3 == N20 + 2H20

MnO; + 2NO;

§10-3 HiLRREMEW
Alkali-earth Metals and their Compounds
Beryllium (Be) Magnesium (Mg) Calcium (Ca)

Strontium (Sr) Barium (Ba) Radium (Ra)
1B (General Properties)

Bt R 2 EALES

P o 3 AR U 5 i — 2

Beryllium and its Compounds

. PEF Y Al #H1tl(diagonal resemblance), & $L 7Y [ # VE 4: J& (amphoteric metal), 7518 %15

ST, AR E T, MERIE. AR T .

FEERT, DA A (beryl): BesAly(SiOs)e, fE4 A (phenacite): BexSiOs f77E
HLCIE ] (transparent) « HEIEHIEBEY) (admixture) FONFEF (gem stone) .
2k fi: green emeralds WF#E T A1: bluish aguamarines

The simple substance

(1) BeELR NI @SR, RMOHERANZ, W T emA 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 13 HaSO4 A28 A1 H (passivation) .

4) 5&ExM: Be 5 d X LR &MAK MBeiow MBeyr, tHA[ENA SR
(alloying additive), & &6 b, 5 05 B A
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(5)Be 5 C i, AWRMY) BexC (5 ALC; [FZE) , WH Bt &8 My 2
MC, . fi#E 5 HO B, AER CHss JEHH H0 RN, Al CoHao
(6) preparation:
AL JFI% BeCl, + Mg =—— MgCl, + Be
3. The compounds [Be'" ]
(1) BeO. BeS #BEA Wi, Be(OH),. Be(hal), WA HE, #:

BeO + Si0, = BeSiOs BeO + Na;O == Na;BeO;

BeS + NaS —— NaBeS; BeS + SiS, = BeSiS;

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

BeO + HyO + 20H = [Be(OH)4]?

Be2* Be(OH); —~  [Be(OH)4>*

H,0 H,;0

2KF + BeF» = Ka[BeF4] BeF; + SiFs =—— Be[SiFs]

(2) BeS 1)K fi#
BeS + 2H,0 == Be(OH), | + H,S 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/

N LGRS I BeCly 3 HLRE /KT CaCly?
AN 2BeCla(l) BeCl; +BeCl*, CaCly(l)
BT R AT A B, T AR
(4) BeCOs3+ Bes(POa MEVE T7K, (HIEME LG, MEEEHRREE, WaliEiRE 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 BRMPERT R AR T8 R B R 2R, . =0.078nm 1y =0.034nm,

RPEe e m e b, sos.
7E H AR S DU IR SRR IR b A7 . MM A (Olivine): Mg)SiOy
Mz £ (dolomite): CaMg(COs)2
2. The simple substance
() Atae)m, B, o Be A9ME, £ THHEMLERE.
() BHAREE RN

MgO-_ o X, ~ MgX N
NM e Mg R HE B 5 Ha SR,
N g\s MgH, R fE ] 3k 45

Mg;N, MgS

(3) BEEEH T A4 electronmetal: & Al3~10% , Zn0.2~3%.
Mg B FHaRE K, %% D=18g  cm 3, {EA aerospace [KJ41 K}
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(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 + 2HCI + SH>0
F#3 87K MgCl AT E HCI(g) B35 H I #4 MgCla6H,0 fii 7K

MgCly 6H,0 ——2— MgCl, + 6H,0

A LA AN S AL (SOCL) it 7K 51

+6S0Cl,

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

A 2] 4. MgO + Cl + C = MgCl + CO
P, Calcium Subgroup Ca. Sr. Ba
1. BRI S UL MPEAE, HELAIATRE
HAE R F AT AN, Jif#f (calcite)s H =i (dolomite) EATHIRA
Yo K F (marble), EATTHIE Ay /& CaCOs. 8 A7 (fluorite): CaF,, /£ (barite
or heavy spar): BaSOs, £17E(gypsam): CaSO42H,O, K5 fi(celertine): SrSOu.
2. The simple substance
() RAGE R, £8P ES E—ZREOE, CaE%iE, Sr. Ba K.
(2) SAFEERMN: M5 Now Hao C. Si RN
3) H5&ERMN: e E T
(4) 5 H0 g
M + 2H,0 == M(OH), + H,
M(OH), M\ Ca — Ba HIEMERERE I, &K VER 58

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

Sr
Ca. Sr. Ba WA/ AF/EEh A, Ca A 7R B HE T 5L
3. The compounds
(1) AH:
CaCO3 == Ca0 + CO2 , 2Ba(NO;3), =< 2Ba0 +4NO; + Oz
A, AT T VA4S
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 A (contrapolarization) & i ] »
(3) M(Hal),: MCl.. MBr2. ML & 7K
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(4) IKSff1 -

MH, + 2H,0 == M(OH), + 2H,
M;N; + 6H,0 =—— 3M(OH); + 2NH3
CaClas0—2129 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) WEMD . AW, 2N MOy MCay MS, (n=2—5)
WHBEENLY: M(02)

LRL

—. &RSSNHIHIBRIEE
1. LA MOH MARE M AN, 0T LAAELE P A 2 g 77 5
M—OH M*+OH~ ool =X s A
MO—H MO~ +H" R &M
2. MOH Bt i) )95
() BAZ/r fERIKYE,, Z RETFHAE, r AETER, Z/r AR TH, &=Z/r.
TARGEMR, Frn| JjEk, MG EEFRIBET a1, O—H #H15,
BB ABE,; Rz, BEmHHE.
) # r Lh1x107"m KR, W@ <228, MOH MfE: 2.2<+d <328, MOH
NP D >3.28, MOH MEgE.
() FA—EHETENEBEANY, BT 8 TRERER R, H Vo mE
BT ETFER KRN Flan

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. BRIV RAVT 2 OO W R, T DA R A 1 i A B R 2K e
(1) IEBTFRREEBOR. Ba N, D%
MF [ AR E > MF, IV IR
(2) BAES TR, 3k v i B o T 4 S 1 3 B0 B K T s/
NSO; 1. CrO; MK, MLt — Cs*, Be®™ — Ba®* HIHH LI £ I AR FE I/ o
(3) BAES TP AREN, L VA A P o B 4R SR T A B R T K
WF . OH [E42/N, M LT — Cs*, Be? — Ba" [KIAH Nk & WO A FEE 19K
3. Pt RIEHRITEEH: A Gn=AsHn— TASn (s—solution)
T A oS TRV AR FE A — AR/ (ORI 7 2L A B A A AS FH R, T I T
7 M B S B [ A5 ASm FEARE ) 5 T LAA oHim A2 155 T 70 35 VA AR 1) 32 BEAR M IR 3%
T AR ) FAONE 32 B B AR BB (U )RR & HWA )R 5E 5 BIA (i = U + A pHos
RN, B KIS T U FIAWHn #H R, XAITET U FIA nH B IE 61857 K /NE (b
AFAEAN A A8 A J A

U= fi(——) At = fr (=) + f3(—)
ro. o+ v Iy-

M* rX’ 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

IR, MgCly Al NaCl I R FE A (G 5351 N—99kT-mol ! F1-11kJ-mol~'. M
RS FERE, MgCly IR AR R 2 A i I FEAF], 177 NaCl 6 A2 5 2260 % i it
FEEFI.

S,

x

CIF, X UAR], BNEGE MR, ART UK.

N o, <<r B, XA AR, RIEGES T ERECRN, ARTAH K.
RIESUE T 2B, UK S BER/INRFIBHERIE R . filln M* 5 Clo, 41,
HF Clo; B 72FEk, MLIT - Cs™ BT IKERE/N, BTl LiCIOs I K,
NaClOs 7E7K H IR 2 EE LiC104 2970 3 — 12 fi%, 1] KC1O4, RbClO4 il CsClO4 1117 i
FEALSZ LiClO4 1 107 fi%.

QR IR T 2RISR, DL A% BE
BRI ER, T B AR, T LiF A AR

NP

P =]

He B

ANSRAIWHERRIE RN Biltn: M5 F 740
K, FIrUA LiF S0l A s ik L e

— PR R R BH S 75 K T & AR RUE ), BRI K BH B 5 R B B - T
[ ¥ R ) R V8 2 /I o B 4 Na[Sb(OH)s]+ NaZn(UO2)3(CH3COO)o- 6H20 « K3[Co(No02)6] «
Ko[PtCls]« K[B(CeHs)s| S # /2 MV AN EL . B Eh. Hn. B LUAH B R BF Eh e ZEAE S
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Element Reaction Flowchart

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.

Na,CO; NaHCO;
Li;CO; Co,
o NaOH «*2Na,0,
! o H,O 5,
LiOH «— Lj,0 . o
'\H:O % NaCle—~ Na ‘NaNHZ K;,CO; o KHCO;4
. ] TCly N
LiCle2— Li —2 LN / \. iy
NaPh KOH +2— ko,
JC,,H\;CI CH;Cl HO
i 0,
LiC4H, (C,Hs),4Pb Na X9 ¥ %, %o
Ca;NZ
CszMgBI’ 4
[ N:
C;HsBr
. - » Gl oy CaC,
MeCl, 2 — Mg —%—+MgO »Mg?* \ /' e
H,O
CaCN,
N;
Hy \ /
Mg;N, Ca(O CaCO;
Lithium and Mental Health
R R

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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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.
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Figure 7.1 A plot of relative
energies for the hydrogen gas—
water equilibrium for the hydrogen
and deuterium isotopes.
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