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1951990 9.1 MINAUNY CFCs

Hydrofluorocarbons(HFCs)  Hydrochlorofiuorocarbons  (HCFCs)

C 1 compounds CHyFy (HFC-32) CHCIFy (HCFC-22)

CHF3 (HFC-23)

CF3CHCly (HCFC-1234)
CF3CHoF (HFC-1
C, compounds 3CHE (G134 CF3CHCIF (HCFC-1248)
CF3CHF, (HFC-125)
CH3CChF  (HCFC-14b)

CH3CCIF5 (HCFC-142b)

C3 compounds CF3CHFCF3 (HFC-227eq)

of o

] arsy A
AsdradnauTAYe CFC-12 uazmiunuh HFC-134a azgnifioumonluaists
A A e
9.2 FuaaInInfFoumeuanianan1enIm ¥es CClyF (CFC -12) uay

CF3CHyF (HFC-134a)

19191 9.2 MmaBeunsuauAnamen e CCF; (CFC-12) and CF3CHF

(HFC-134a)
AR CClyFy CF3CHyF
Molecular weight 120.93 102.03
Boiling point / °C -298 2222
’
Freezing point / °C -158 -108
Critical temperature / °c 112 101
Critical pressure bar 41.2 4055
Critical density / kg me 559 4915
101
Specific heat (liquid) / kJ kg K 0.998 1502
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A13199 9.2 (19)

AuAUTA CChFy CF3CH3F
T -1

Specific heat (vapour) / kI kg K 0.62 0.849

Ozone depletion potential (ODP) l.0 0.0

Greenhouse warming potential (GWP, CFC-11 =]) 30 0.25

Tropospheric lifetime / year 116 15.70

o = =
9.5 I5MIAAYOUTEINNIAN

9.5.1 MY Solid supports
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::J o = ] aan = A’i’ a B v o
HUVAUANHNIININ ﬂgﬂ'ﬁmwﬂmmﬂm (homogeneous reaction) uadunu
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2. Shape selective catalysts
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3. Adsorption effects
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4. Supported catalysis
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2. Fluorination of Uracil

5-Fluorouracil a1130gnnanTaals sdective fluorinaion Tagldmupenay

Waoo lsduuns1 vy
Q 0
HNJj XeF, / graphite HN F
O)\ﬁ 24 1. 20°C, CH,Cl, OA 9.9)
H

5- Fluorouracil
(90%)
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9.5.2 Polymer-supported synthesis
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9.5.2.1 Polymeric reagents
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9.5.2.2 Polymer-supported catalysts

o o [ ar L] a 1 aan
woaweiowaziludmiveayudusulgnin
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SO4H
.
CH,
2 + CH;COCH, - HO——@—E—O—OH (9.10)
S,

Bisphenol A
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Polymeric Reagent

®-R+s—> @-R+P

Polymer-supported Catalyst

Polymeric Protecting Group

(P—Pr+S Auach (P—Pr—-S
A

! Regenerate Modify
@—prup «— @-PrP
Release

gﬂﬁ 9.7 Polymer-supported reactive species in organic synthesis. S = substrate; R

= reagent; R1 = by-product; P = product; C = catalyst; Pr= protecting group
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9.5.3 Phase Transfer Catalysis
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‘lj‘?l 9.8 Insaaitaves (a) 18-crown 6 ( KF complex) (laz
(b) tetrabutylammonium cyanide ‘]ff!ﬂﬁ (a) Polydentate complexing
agents 1Y crown ether, polycthylene glycols

riiah (b) Quaternary ammeniom or phosphonion salts
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AGPLIAR

Dichlorocyclopropanation of akenes

(44 cyclohexene

No Catdlys:: >1 % yidd cl
O +NaOH + CHCh— 51 g voyidd > O><c1 (9.11)

PE=V-N ° = 1 =3 a 2 = = o Qs tﬁ
ﬂgﬂsmmzmmumuﬂmﬂﬂ dichlorocarbene 1‘14&51’%6»1 %Glﬂﬂﬂﬁﬂﬂﬂ&“ﬁﬂ&ﬁhﬂﬁl‘ﬂﬁ)

K| - v ke
19219179 carbene 910 chloroform 9xABI HUEIN 194 potassium t-butoxide 1Az

= =1 =] o 2
USiameadnilesluszuuasazyin inansuaneaa1sues carbene Iaanslalns

9 ¥
Tava  Ufnserilauialalivsz@niamwaniulnems 1 phase transfer catalysis,

oyanm o d
na lnvaalfaTeniuaaslugn 9.9

CH 762

H-CCl, ) 4
 asameeecasase S it inaaasees 1o
Q+Cl- + NaOH Na+CC13- + H:O + Q+Cl-
Q*CI' + :CCl, Q'CCly”
eI AAAAAAAAAAAAAAAAAA
WA AT NS S N ———
NaCl + H,0 NaCl+ H,0

cl, Cl

X +:CCl, —— Zg

gﬂﬁ 9.9 Dichlorocar bene generation and reaction with alkenes
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my1en 9.3 mMasnfSeuniey oxidising agents O'I'Nq

Oxidant Oxidising Relative Advantages ‘ Disadvantages
equivalent cost per
oxidising
equivalent
oxygen 1.00 1.0 cheap 1. catalysis needed

2. less selective than other oxidants
3. difficult to design plant for gaseous

oxidation

chlorine 0.22 1.9 cheap 1. considered environmentally unfriendly

2. difficult to design plant for gaseous

oxidation
nitric acid 0.27 238 1. cheap 1. NOy compounds in effluents
2. easy to use (liquid) 2. ot selective

hydrogen 0.47 38
peroxide
peracetic acid 0.21 6.5
bromine 0.10 9.4
KMnQOy4 0.15 10.9 1. expensive

2 environmenlally‘undcsirablc
t-Buty! 0.18 194 1. may be produced in 1. expensive
hydroperoxide situ 2. low available oxygen content

2.. produces useful by-

product

(t-butanol)
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1987 89 1992 fauatl 1992 amavesla lanauesoenlad |Afuduotudeoiio
L= T A ; o Qr q’j :é
Yz 12% aoliumaiiuanlumsdszgnandn  Havue gaamnssubsuas
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n3zaeaziiug 14 Hydrogen peroxide unfiga gaanunssuilszianilluefne: 14
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95.4.3 Activation Methods
. =~ a a sl [TEVEV- I A 9
Hydrogen perOXIde !ﬂi&ﬂ?ﬁ)ﬂﬂ“ﬁl’lﬂﬁ‘ﬂﬁ}au Vlﬂlﬂﬁﬁﬁ 9 iJ”IﬂlJTﬂW’t]&’ﬂixﬂu
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ANNAAYUIIDE

MR 9.4 MIndAuazn1313zynAlY hydrogen peroxide

Year 1987 1990 1992
Total production (Kt) 680 880 1260
% Breakdown by end use:
Pulp & Paper a2 49 50
Chemicals 27 24 17
Textiles 16 12 10
Environment 8 8 14
Other / miscellaneous 7 7 8
CH 762
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1887 1890
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gﬂﬁ 92.10 ﬂﬁﬂizﬁgﬂ?ﬁ‘i’f Hydrogen peroxide (%) (a) Pulp and paper (b)

Chemicals (c¢) Textlies (d) Environment (e) Other
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AN 95 Activated oxidising species produced from hydrogen peroxide

Oxidising species Produced by Properties Used to oxidise

Hy09 weak oxidant electron-richN or S

(neutral hydrogen electrophilic carbonyl groups

peroxide) nucleophilic

HOY action of akali strong nucleophile electron-deficient alkenes
2

(perhydroxy! anion)

+
H307
(perhydroxonium cation)
HO
(hydroxyl radical)

H»SO5
(permonosulfuric acid,

Caro’s acid)
RCO3H

(percarboxylic acids)

X2

(free halogen)

activated metal species

action of strong acid strong electrophile

thermolysis, very strong

photolysis, or oxidant

metal redox

mixture with sulfuric

acid

acid-catalysed reaction

with carboxylic acids

reaction with halogen

acid, HX

action of catalytic metals

and aldehydes

phenols

water disinfection,

effluent treatment

general use for organic

oxidations

see text

see text
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ladnii hydrogen peroxide ULNY Tuvisaeanssl iWums e hydrogen peroxide Nl
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Haa 11§51 hydrogen peroxide Ut NsAg1 Talon

2HX +HpOp — X2+2Hy0 (9.12)
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2. Alcohol Oxidation
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3. Aromatic hydroxylation
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5. msiiatiuae (Effluent treatment)
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Waste Substance Reaction with Oxidant or Reductant
Oxidation of Qrganics :
Organic matter, {CH,0} + 2{0}* = CO, + H,0

{CH,0}
Aldehyde CH,CHO + {0} — CH,COOH(acid)
Oxidation of Inorganics
Cyanide 2CN- + 50CI" + HyO — N, + 2HCO, + 5 CI-
Iron(1I) 4Fe?* + O, + 10H,0 — 4Fe(OH), + 8H*
Sulfur dioxide 280, + 0, + 2H,0 — 2H,S0,
Reduction of Inorganics
Chromate 2CrO* + 380, + 4H* — Cr,(SO,), + 2H,0
Permanganate MnQ, + 3Fe** + TH,0 —

MnO,(s) + 3Fe(OH),(s) + SH~

“The symbol { 0) is used to denote a source of oxygen in an oxidizing species.
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m‘j]qﬁ 9.7 Electrochemical effluent treatment processes

Direct

Indirect

Phase separations and

membrane separations

Metals

Reduction

Oxidation

Liguids

Oxidation

Reduction

Gases

Oxidation

*
Reduction

Solid and particulates

Electro-deposition of

heavy metds and precious

metals

Dissolution of  scrap

Phenols, CN

Chlorinated organics

S04, Ha$

NO,, Cla. $O;

., Sulphide oxidation « FeSy

by air

Cementation
Cu; with Fe

Electro-cementation

Electra-precipitation

Organics with Ag(Il),
Co(Il)

$05 with Bry
Organics, 502,, ele. by
Ag ()

S0, with Ti(ll)

Sulphide oxidation

Electrodialysis,
Electra-hydrolysis
Electrochemica ipn-

exchange,

Electrosorption

S0, and HpS with

entectic membrane.

NO; with eutectic

membrane

Electroflotation,
Electrofiltration,
Electro-osmosis,

Electrophoresis
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9.5.6.2 M3ialane (Treatment of metals)
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MOt + pe 5 M (9.16)

9.5.6.3 n15111inmIsoUUNTd (Treatment of inorganics)

L = A (] L4
paftlsznouveuFsdu 4 wenvinlans ol lud) ewisawivensnas
San oA o F- | 9
azanglaelnseniaend lngasavie lngdou

1. Direct Oxidation
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2. Indirect oxidation
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1. Direct anodic oxidation
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2. Indirect anodic oxidation
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3. Direct cathodic reduction
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RCl+ H +2¢ — RH+CI (9.20)
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9.5.6.6 Electrochemical membrane processes
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gﬂ‘ﬁ 9.12 Solvation of reactants and transition states
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AzMe9TADNITOU nonpolar transition state YL 1UADNTOU polar azide jon (156

A1)

3

@SN 97 Reative rate condants (25°C) for the reaction of 4-

fluor onitrobenzene with tetra n-butylammonium azide in selected solvents

Solvent Relative rate
Water |
Methanol 1.6
Nitromethane 45 % 1 03
Dimethylsulphoxide 13 x 1 03
Acetone 138X 1 03
Dimethylformamide 45 X 1 03
Hexamethylphosphotriamide 190 x 1 03
#
F FN y
@ + N, — — + F 921
NO, 3 NO,

9.5.7.2 AMUEINNIWYONNITU BT INIAZaWABUAY (Ease of solvent

recovery)
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9.6.2. | Fud desulfurisation
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9.6.2.3 Flue gas desulfurization (FGD)
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9.6.3 Control of nitrogen oxide emission from power plants
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9.6.3.2 Removal of NOy from stack gas
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9.6.4 Control of automobile emissions
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