Written below are some of the chemical reactions of the representative elements that were
highlighted during the past several weeks of CH611.

Hydrogen chemistry not directly included.

Alkali metal oxides

4M+ O, = 2M,0(M=Li,Na, K, Rb, Cs), 700°C for Li

2M+0, > M0, (M=Na,K,Rb,Cs),300°-400°C (limited O, supply)
M + O, > MO, (M =Na, K, Rb, Cs), 300°-400°C

reactions with water

M,0 + H,0O — 2MOH

M,0,+ 2H,0 = 2 MOH + H,0,

2MO, + 2H,0 =2 2MOH +2H,0,+0,

group 1 and 2 nitrides

6Li +N, — 2Li;N,450°C (Mg behaves similarly forming Mg;N,)

Li;N + 3H,0 — 3LiOH (MgN, behaves similarly forming Mg(OH),)
NaNH, +N,0 — NaN, +H,O

group 1 and 2 carbides

MC, +2H,0 — M(OH), + C,H, (M = group 2 metal)

Be,C+4 H,0 = Be(OH), +CH,

group 1 and 2 hydrides

2M+H, — 2MH M = group 1, also for group 2 except Be) , heat 300°-700°C

MH + H,0 — MOH(aq) + H,(M=group 1, also for group 2 except Be)

beryllium

4 Be(OH), + 6 CH;COOH — Be,O(CH;COO) + 7 H,O (four coordinate O bonded to 4 Be atoms)
2 BeO +CCl, — 2BeCL(g) +CO, (800°C) — {BeCl}, (s) (polymer on cooling to solid)

group 13
synthesis of boron

B,0,+3Mg — 2B +3MgO

BI, = 1/12B,,+ 3/21, (heatusing Ta wire)
diborane
preparation

4BCl, + 3LiAlH, - 2B,H, + LiAICl,
4BF, + 3NaBH, — 2B,H, + 3 NaBF,
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lab:2BH, + 2H" - B,H, +2H,
industrial: 2 BF;(g) + 6 NaH — B,H/(g) + 6 NaF
reaction with O,: B,Hi(g) + 30, 2 B,0O, + 3H,0 (quite exothermic)
reaction with H,O:  B,H,(g) + 6 H,O — 2H,BO;, +6H,
synthesis of higher boranes: 2 B,H,(g) — B,H,,(g) (high pressure)
B,H,,(g) + B,H(g) — 2BH,(g) + 2H,

reaction with alkenes: - 6 CH,=CHCH, — 2 B(CH,CH,CH,), (an intermediate in the
syntheses of saturated hydrocarbons, alcohols, ketones or
carboxylic acids)

reactions with ammonia: B,H((g) + 2NH,(g) > [H,BNH,]'[BH,] (heterolytic cleavage)
B,H(g) + 2R,N — 2 H,BNR, (homolytic cleavage, R is large)
boric acid
synthesis: B,0, +3H,0 — 2 B(OH)),
borax +acid > B(OH),
reaction with water: B(OH), +2H,0 = B(OH), + H,0" (pK,=09.1)
borazine
synthesis: 3NaBH, + 3NH,Cl = B;N;H, + NaCl + 9H,
reactions: B;N.H, + 3HClI — (CIHBNH2),
B;N;H, + 3H,0 — (H(HO)BNH,),
other group 13 reactions
Al(OH);, +OH — AI(OH),
TIBr, = TIBr + Br,
group 14
CF, + F, — no reaction
SiF, + 2KF — K,SiF, (in aqueous HF, complex is sparingly soluble)
K + 8 Ciupniy (Ceo)l  KCy (excess K washed out with Hg - intercalation compound)
Ce)l + O, = (Cg)O (in benzene and reaction site is a 6,6-edge)

(Ceo)l + 1,3-dialkenes — (C,,)disubstituted aryl - see reaction 13.12 in text)
silane

synthesis: SiCl, + LiAlH, — SiH,(g)+ LiAIC],
reactions: SiH,(g) — Si(s) + 2H,(g) (source of pure silicon)
SiH,(g) + 20, = SiO, + 2 H,O (very exothermic)
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SiH,(g) + 2KOHt+ H,0 — K,SiO, +4H, (good synthetic reagent - see next)

K,Si0, + CH,I — KI + H,SiH,
other reactions
stability of +II oxidation state at bottom of group

Sn(s) + I, — Snl, (2M Hcl)

PbCl, — PbCl(s) + Cl(g) (heatto 50°C)
group 15

N,H, + O, = N, + 2H,0 (very exothermic)

NH,NO;, — N,O(g) + 2H,O (heat)

2NO(g) +N,0, = 2N,0,

N,O;, + I, = LOs; + N,

Ba(NO,),(aq) + H,SO,(aq) — BaSO,(s) + 2 HNO,(aq)
2NaNO, + 2H,0 + 4Na(Hg) — NaN,O, +4NaOH
PCl;, +NH,ClI — (NPCl,)), (x=3 or4) (chlorobenzene solvent)
2M +30, = M,O; (heat)(M = As, Sb, Bi)

P,O, + 6H,0 — 4H,PO,

P,0,, + 6H,0 — 4H,PO,

group 16

lab preparation of oxygen: 2 KCIO, > 2KCl + 30,

PtF, + O, — [O,]'[PtF]

4 O04(g) +PbS — PbSO, + O,(g)

BaO, + H,SO, — BaSO,(s) + H,0,

FeS + 2HCI — H,S + FeCl,

AlLSe;, + 6H,0 — 3H,Se + 2AI(OH),

CL(g) + S;1) = S,CL(I

6S,Cl,() + 16 NH, - SN, +12NH,Cl + S; (CCI, solvent, 50°C)

group 17

preparation of halogens

fluorine: 2HF = Fy(g) + Hy(g) (electrolysis with KF electrolyte added)
chlorine: 2 NaCl(aq) +2 H,0 »> Cl,(g) + H,(g) + NaOH(aq) (electrolysis)

4HCl + MnO, - 2H,0 + MnCl, + Cl,(g)
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bromine: Cl(g) + 2KBr(aq) > 2KCl(aq) + Br,

iodine: Cl(g) +2Kl(aq) — 2Kclaq) + 1L
interhalogen reactions:

W+ 6CIF — WF, + 3C],

U + 3CIF; — UF, +3CIF (U reprocessing)
reaction of HOF with water: HOF +H,0 — H,0, + O,(g)
synthesis of HOX (X =Cl, Br, I): 2 X, + 3 HgO + H,0 »2 HOX + Hg,0,X, (or HgX,-HgO)
preparation of OCI bleaching agent: 2 CaO +2Cl — Ca(OCl), + CaCl,
OCI disproportionation: 3NaOCl — NaClO, + 2 NaCl
preparation of NaClO,: 2 ClO,(g) +2 NaOH + H,0, — 2 NaClO, + O,(g) +2H,0
preparation of aqueous HXO, (X = Cl, Br, I): Ba(XO,), + H,SO, — BaSO,(s) +2 HXO,

preparation of HIO,: 1,O,+ H,O0 — HIO,
preparation of halogen oxides:

L + 520, — LO;

2F,+ 2NaOH — OF,(g) + 2NaF + H0

2Cl, + 3HgO — CLO(g) +HgO,Cl, (or HgCl,-2HgO)

HClO, + P,O,, — CLO/() + H;PO, (ClL,0,]) is the anhydride of perchloric acid)
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