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PO3YUHHUKH



OpraHiyHi po3YMHHUKHU- NPo0OJIeMa:

1. YacTo € 7eTKMMM OpraHIYHUMU CIIOJTyKaMH —
DPVUHAYIS 030108020 WAPY, DOPMYBAHHA CMO2Y

2. HacTo € J1erko3anMuCcTUMU pEYOBUHAMM —
PUBUK NoJcexnc, asapiil a00 KOPO3IMHUMU

3. HeOe3neuHi gyis1 310pOB 1 — nOOpA3HEHHS
ouell, 20106HULL OLb, Alepeiuti peakyii WKIpu,
0esKl — KaHIIEpOTreHH1, TOKCUYHI

4. OauH 3 HAMOUIBIINX BHECKIB y (DOPMYBaHHS
B1JIXOIIB



OpraHiyHi po3YMHHUKU- BUKOPUCTAHHS:

1. rimpomeranypris (EKCTPAKIis METAIIB),

1. EKCTpaKI_[iﬂ 00poOKa CTOKIB , JOOYBaHHS PEYOBHH 3 POCIIHH,
aHaATITUYHA XIMis

2. AHamTnyHa XiMiH, 2. EmtoeHT y xpomarorpadii, sik
E J'IeKTpOXiMiSI OKMCHHUK/BIJJTHOBHHUK
3. OpraniuHa XiMmist 3. Sk peakuiiiHe cepeqoBHUIle, B PO3/IIICHHI
/OYUIIIEHH]1 PEYOBUH
4. HOHlMepHa XIM1i, 4. nnactudikatopu, BCOIHIOBAY1, 3B s3y104l y
X1M1SI MaTepiaHiB KOMITO3UIIIMHUX MaTepiajiaXx, CTBOPECHHS IUTIBOK,

MOKPHUTTIB, Y (POTOPE3UCTHUX TEXHOJIOTISIX

. HO6YT Td IHII. 5. 3manryBadi, (papOu, aare3uBu, aHTU(DPI3U,

PIIMHY JIJTS YMIIEHHS, KOCMETHYHI Ta
(hapMareBTUYH1 EMYJIbCII



OpraHiyHi po3YMHHUKHU- NPo0OJIeMa:

H2 H2
C C
777 e
H,C H H

CH
CH,Cl, ccl,CcCl, -

2 2
The acute toxicity of n-hexane is rather low.
TeHOTOKCUYHUN  KaHUeporeH KaHueporeH However, it has been reported to be the most
highly toxic member of the
KaHueporeH alkanes.- When n-hexane is ingested, it

causes nausea, vertigo, bronchial irritation, intesti
nal irritation, and central nervous system effects. It
has been reported that ~50 g of n-hexane may be
fatal to humansleiatonneeded]

Furthermore, n-hexane is biotransformed

to 2-hexanol and further

to 2.5-hexanediol by cytochrome P450 mixed
function oxidases by omega oxidation.
2,5-Hexanediol may be further oxidized

to 2.5-hexanedione, which is neurotoxic and

produces a polyneuropathy.H?




OpraHiyHi po3YMHHUKHU- NPo0OJIeMa:

H H
2 2
c C ~ O Husbka Temnepatypa cnanaxy
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OprasiyHi po3YMHHHKH- PO3B 30K NMPOdJaeMH

U

3amMiHa Oe3nmeyHIiIMMHu *

basicani: 600a, ayemon,
emaHoll, Nponaon-1,
NPONAaHon-2,
emunayemam,
[3onponiiayemam,
memanon, MEK,
oymanon-1, mpem-
OYymMun08uUll cCnupm

OpPraHiYyHUMHU

U

“JegeHi”

PO3YHMHHUKAMH

l

Hpuitnamnui: yuxiozexkcan,
2enmaH, MoJyeH,
MEMUNYUKIO2EKCAH, MemUl-
mpem-oymuiosuil emep,
1300kmat, 2-memun-11'D,
JIMCO, oymosa kucioma,
emunieH2niKoNb

* BanOBySTbCFI TOKCUYHICTb, KaHLI,epOFeHHiCTb, TeMneparypa cnanaxy ...

PO3YNHHUKH

Heobasrcani: nenman, cexcanu,
oii3onponinosuti emep,
ouemunosuil emep,
OUXTIOpOMEMaH, X10popopm,
JIM®A, N-memuaniponioon,
nipuoun,oumemunamin, TI'®,
oioxcan, /IME, 6enzen, CCI p




Solvent Selection

Preferred Useable Undesirable
Water Pentane

Acetone Hexane(s)

Ethanol Di-isopropyl ether
2-Propanol Diethyl ether
1-Propanol Dichloromethane

Ethyl acetate

Dichloroethane

Isopropyl acetate

Chloroform

Methanol

Dimethyl formamide

Methyl ethyl ketone

N-Methylpyrrolidinone

1-Butanol

Pyridine

t-Butanol

Dimethyl acetate

Dioxane

Dimethoxyethane

Benzene

Carbon tetrachloride

“Green chemistry tools to influence a medicinal chemistry and research chemistry based
organization”
Dunn and Perry, et. al., Green Chem., 2008, 10, 31-36



Red Solvent Flash point (°C) Reason

Pentane -49 Very low flash point, good alternztiveavailable.

Hexane(s) -23 More toxic than the alternative heptane, classified as a HAP in the US.

Di-isopropyl ether -12 Very powerful peroxide former, good alternative ethers available.

Diethyl ether -40 Very low flash point, good alternative ethers available.

Dichloromethane n/a High volume use, regulated by EU solvent directive, classified as HAP in US.

Dichloroethane 15 Carcinogen, classified as a HAP in the US.

Chloroform n/a Carcinogen, classified as a HAP in the US.

Dimethyl formamide 57 Toxicity, strongly regulated by EU Solvent Directive, classified as HAP in the
us.

N-Methylpyrrolidinone 86 Toxicity, strongly regulated by EU Solvent Directive.

Pyridine 20 Carcinogenic/mutagenic/reprotoxic (CMR) category 3 carcinogen, toxicity,
very low threshold limit value (TLV) for worker exposures.

Dimethyl acetate 70 Toxicity, strongly regulated by EU Solvent Directive.

Dioxane 12 CMR category 3 carcinogen, classified as HAP in US.

Dimethoxyethane 0 CMR category 2 carcinogen, toxicity.

Benzene -11 Avoid use: CMR category 1 carcinogen, toxic to humans and environment,
very low TLV (0.5 ppm), strongly regulated in EU and the US (HAP).

Carbon tetrachloride n/a Avoid use: CMR category 3 carcinogen, toxic, ozone depletor, banned

under the Montreal protocol, not available for large-scale use, strongly
regulated in the EU and the US (HAP).

“Green chemistry tools to influence a medicinal chemistry and research chemistry based

organization”

Dunn and Perry, et. al., Green Chem., 2008, 10, 31-36




Solvent replacement

table

Undesirable Solvent Alternative
Pentane Heptane
Hexane(s) Heptane

Di-isopropyl ether or diethyl ether

2-MeTHF or tert-butyl methyl ether

Dioxane or dimethoxyethane

2-MeTHF or tert-butyl methyl ether

Chloroform, dichloroethane or carbon
tetrachloride

Dichloromethane

Dimethyl formamide, dimethyl acetamide
or N-methylpyrrolidinone

Acetonitrile

Pyridine

Et,N (if pyridine is used as a base)

Dichloromethane (extractions)

EtOAc, MTBE, toluene, 2-MeTHF

Dichloromethane (chromatography)

EtOAc/heptane

Benzene

Toluene

“Green chemistry tools to influence a medicinal chemistry and research chemistry based
organization”
Dunn and Perry, et. al., Green Chem., 2008, 10, 31-36



Pfizer’s results

Use of Solvent Replacement Guide resulted in:
50% reduction in chlorinated solvent use across the whole of their
research division (more than 1600 lab based synthetic organic
chemists, and four scale-up facilities) during 2004-2006.
Reduction in the use of an undesirable ether by 97% over the same
two year period
Heptane used over hexane (more toxic) and pentane (much more
flammable)

“Green chemistry tools to influence a medicinal chemistry and research chemistry based

organization”
Dunn and Perry, et. al., Green Chem., 2008, 10, 31-36



- |
“3ejieHi” PO3YMHHUKM:

1. Hu3pka TOKCHYHICTB

2. JlocTymH1 i1 MOBTOPHOI'O BUKOPUCTAHHS

3. IneptHI1

4. He 3a0pyIHIOOTH IIIBOBUH OPOAYKT

5. MoxxyTh OyTH OTpHMaHI 3 BIJTHOBJIFOBAaHO1 CUPOBHHHU

6. SIx nomaTkoBa oMLl — 3aTHI 40 010pO3KIaay

Franceska M. Kerton Alternative Solvents for Green Chemistry / RSC Publishing , 2009, pp. 349
Print ISBN: 978-0-85404-163-3



IHoasApHICTH TA JIETKICTh PO3YUMHHUKIB

Benuka

NeTKicTb

®PryopoBMICHI
DO3YNHHUKN

Mana TOopamMmu

<I70ni/vlepu EQOHHI PiOUHU >

Mana nO.HFIpHiCTb Benuika




“3ej1eHI” pO3YMHHUKH

CuHte3 0€3 pO3YMHHHUKIB.

CuHTE3H y BOI

Hankputrndni piauHu

PO34MHHMKY 3 BIJTHOBIIOBAaHUX PECYPCIB

Monni piguHy.

d1yopOBMICHI PO3UMHHUKHM Ta MOA10H1 CUCTEMHU
Piak1 momMepu

Deep eutectic solvents

XN =

Paul Anastas and Nicolas Eghbali, Green Chemistry: Principles and Practice / Chem. Soc. Rev. 2010, 39, 301-312.



The best

solvent is
no solvent !

No Coopora nisi Fluida



CuHTe3 0e3 pO3YMHHUKIB



& Total
® Organic synthesis.

Year

Figure 1. The accumulated number of published articles involving organic
and inorganic microwave assisted synthesis 19701999,



MikpoxBUNbLOBUN CUHTE3
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MikKpoXBUNbOBUN CUHTE3: O,03BOSIEHI
4YacToTH

A CropocTth
HArpeBa BOIbI

YacToTa
MHKPOBOJIHOBOI'0O
H3JIVICeHHA

i »
2,451Ty

Table 2 According to international agreements allowed [SM-frequencies
(ISM — frequencies for industrial, scientific and medical use)

Frequency/MHz Wavelength/cm
43392 £ 0.2% 69.14
915+ 132 32.75
2450 = 50 12.24
S800 + 75 5.17

24125 + 125 .36



MikpoXBUNbOBUN CUHTE3: PO3YUHHUKHN
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Figure 2. The temperature increases of water and dioxane, respectively, at IS0 W microwave irradiation. The upper curve represents water and the lower plot
represents dioxane.




Figure 8, Plots of diclectric constants against temperatuge for various solvents | Dean, ). A, Ed. Lange s Handbook of Chemistry, 138 ed.; McGraw-Hill
New York, 1985, p %),
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MikpOoXBULOBUU CUHTE3: anapartypa

Figure 7. Modification of a domestic microwave reactor for the
phase-transfer catalveed synthesis of polyv{ether mmide)s. Rep-
rinted with permission from mference [71], Copyright John Wiley
and Soms,



MikpoxXBUNbOBUN CUHTE3: 0AHOMOOOBA
(P) Ta mynbTMOAOBa kamepa (B)
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Fig. 1 The temperature profile after 60 sec as affected by microwave irradiation (left) compared to treatment in
an oil bath (right).

Microwave irradiation raises the temperature of the whole reaction volume simultaneously, whereas in the oll
heated tube, the reaction mixture in contact with the vessel wall is heated first. Temperature scale in kelvin. ‘0’
on the vertical scale indicates the position of the meniscus.



MikpOoXBUNbOBUN CUHTE3:
MacLiTabyBaHHSA
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MikKpoXBMnNbLOBUU CUHTE3: NPUKNagu

1. Peakuia [linbca-Anbaepa

H C’['O\/\]‘ CH,

Mw, 1xB O"Q

- &

o)



MikKpoXBMnNbLOBUU CUHTE3: NPUKNagu

2. 'igponi3, XxeMoCeneKkTUBHICTb

H,

OH

o) CH3 O, .c
Y s
AlLO, AlLO,
Mw, 30 c Mw, 2.5xB
OH
e
o)

OH H,C



MikKpoXBMnNbLOBUU CUHTE3: NPUKNagu

3. CnHTE3N 6€e3 PO3YMHHMKIB

R-COOH + R'-0OH »  R-CO-0-R'+ H,0
(R-COR0+ R'-0OH —  R-CO-0-R' + R-COOH
R-CO-0-R'+ R*-0OH —  R-CO-0-R*+ R'-0OH

Scheme 3  Fpoesibilines of esterification.

M. Nuchter, B. Ondruschka, W. Bonrath and A. Gum Microwave assisted synthesis — a critical technology overview //
GreenChem.2004,6,128-141



MikKpoXBMnNbLOBUU CUHTE3: NPUKNagu

3. CnHTEe3n 6e3 pO34MHHUKIB (MPOOOBXEHHS): MiHeparibHi HOCIT

o OH
NaBH,-ALO, /Q)\Rz
R2 —
R /O)‘\ Mw, 0.5-2 xB R1

62-93%

Solvent free organic syntheses using supporting reagents and microvawe irradiation //
GreenChem., 1999,2 ,43-55.



MikKpoXBUNnbLOBUN CUHTE3: Nnosimepu
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Figure 2. Number of publications on microwave-assisted poly-
men zations, sorted by year (updated on June 23, 20043 1"



n

Scheme 1. Polyamides (a3 and b} and polyimide (c} prepared via microwave-assisted step-growth polymerizations: (a) Polyamide synthesis
from 4.4"-azobenzoyl chloride and substituted hydantoins; [b) preparation of polyamides from diphenylaminoisosorbide with several diacyl

rhinride: ir) nolvimide cunthecic from henmnnhenone tetrararbnndic diza nhwdride 3nd n-nhenviene diicneranate



O ot

R = Ldeucine, L-valine, L-al anine

3. %D}@’é“ﬁ vy s %L«?‘r@"fl{tjj*‘! .,

R = Ldeucine, L-valine

=2

chloride)s with hydantoin; (b} copolymerization of NN-(4 4 -oxydiphthaloyl}-bisfamino acid chloride}s with aromatic diamines; (c)

I Scheme 2. Poly(amide-imide)s that were synthesized under microwave iradiation: (3} Reaction of NV -(pyromellitoy(-bis(amino acid
synthesis of flame-retardant polymers based on N,N’-[g.g“—diphenﬁphenylphos phine oxide) bistrimellitimide and aromatic diamines.
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Scheme B, Free mdical polymernzation under microwave irradiation: (a) simultaneous
pol ymerization and amidization of acrylamide; (b) polymenzation of 4-nitrophenyl acrylate;
() fullerene-imtiated polymerization of A-viny learhaaole.



Scheme 8. Schematic representation of the direct orientation of radicals that are formed

from the decomposition of azoisobutyronitrile
under microwave irradiation that was proposed to explain the higher radical flux

observed for microwave-assisted polymerizations
compared to thermal polymerizations.[85]
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IlepeBaru Ta HeIO0JIKH AJbTEPHATUBHUX
PO3YMHHHUKIB (0auu Big 1 10 25)

HaakpurnaHmii 5 4 3 5 18
CO,
1
Bona 3 5 4 4 19
3
Wonni pinnan 2 2 2 3 13
4
dDryopoBMicHI 4 2 1 2 12

3



IlepeBaru Ta HeIOJIIKH AJbTEPHATHUBHUX
po34nHHHKIB (Big 1 10 25)

Po3unHHUK - Jlerkictb 3nopoB's Ta BapricTs Brnuius Ha 3araabHuii 6aua
XapaKTepUCTUKA BijtiieHHs Ta Oe3neka BUKOPHUCTAHHA oTO4YyI04e
MOBTOPHOIO cepeloBHILe
BUKOPHC-
TaHHSA
bio-po3UyMHHUKH 4 4 4 3 19
4

Franceska M. Kerton Alternative Solvents for Green Chemistry / RSC Publishing , 2009, pp. 349 Print
ISBN: 978-0-85404-163-3



“HaakputnuHi” pignnu (SCF)

Franceska M. Kerton Alternative Solvents for Green Chemistry / RSC Publishing , 2009, pp. 349 Print
ISBN: 978-0-85404-163-3



“HankputnuHi” pignau (SCF)

A

solid phase compressible

liquid

Pressure

supercritical fluid

A

critical pressure *
PCI‘

critical point

liquid
phase

L)
.
°
L)
L]
]
]
t
L]
:
'
L]
.
'

Pyp triple point superheated vapour

gaseous phase

critical
te mpera ture
TtP Tea
>
Temperature

da3oBa giarpama onsa Boauw.



HagkputniHmm ctad moxe OyTn gocsarHytui ana BinblIOCTi pigvH i rasie-
Ba)XNMBO, LLI06 peyoBMHA He po3Kknaganachb Npu KPUTUYHIK Temneparypi.

Kpurnyna touka (T P ) Ta KpMTHYHA I'YCTHHA
K, K
(P) 1A HeAIKMX PeYOBHH

T,K P , atm
CHF3 2090.3 46.9 0.528
CH4 190.5 41.4 0.162
C2H4 282.3 50.5 0.215
C2H6 305.2 48.2 0.203
CO2 304.1 72.8 0.469
H20 647.1 218.3 0.348
CH3CH20H 513.9 60.6 0.276

Xe 289.7 538 1.110



“HaaxkpuruuHi” piguau (SCF): oco0auBoCTI

1. Hwu3bKa B'A3KiCTb
2. Benuka weungkicte agndysil

3BnyaitHi Benu4yesHa 3miHa TUCKY —
pianHY PIOVHU MaWXXe He CTUCKaKTbCS!

3MiHUTU TYCTUHY -

SCF [MoTpibHa mana 3MiHa TUCKY

30aTHICTb PO3YNHATU

3arexunTb Big NyCTUHN —
MO>XHa KOHTpOmnoBaTH
3MIHOK TUCKY!



HagkputnyHum ctaH moxe 6yTn gocarHytuin ans GinbliocTi piguH

| rasiB- BaXXNuBeo, o0 pevyoBnHaA He po3kraganach NPy KPUTUYHIN
Temneparypi.

o
==
=
()
<
X
o
c
@
o
g

30 40 50
Temnepamypa, t'C




Bucoka po3unHHicTb rasis y SCF

Cnabka conbBaTtaulisa peakuinHuxX LEHTPIB

3MEHLUEHHS “rpaTyaHnx edekTiB” y pagukanbHUX peakuisix
Jlerko BnpgandaiTbCd y YACTOMY BUMMAAI

MoXXnKMBICTb MOBTOPHOIO BUKOPUCTAHHS

g Ny

“HankputnuHi” pignau (SCF)

v

1. 3Ha4Hi noyaTKoBi BUTpaTKU Ha obnagHaHHA,
nepcoHan i T.n.

UG AN WN -




“HankputnuHi” pignau (SCF)

1. Bwucoka po34MHHICTb rasiB:

Yy CyMiLli HaOKPUTUYHUX

H, Ta CO, npu 50 °C koHueHTpauis BogHo 3.2 M; y TTd  0.5M

2. Cnabka conbBaTauis

(a) Low pressure
2 phases, solvent
(gas), solute (liquid
or solid)

(b) Moderate pressure
1 phase, solvent (SCF)

clustering around solute

ox )
ig O Ce0 00

O 00 o
O O O Og0

o 00

O
Oo

% = e o® o
0000 Pk
@® =solute O =solvent

(c) High pressure
1 phase, solvent
(liquid or SCF),
solute clustering
less evident




ITpu 30inb1IeHHI THCKY 31aTHICTD CO, PO3YMHATH Pi3KO MiABHINYETHCS
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“Hapgkpurnunuii” CO, (scCO,)

HeweBun

MNMpoaykTt chepmeHTauil Ta rOPiHHA
HeTokcnM4yHMM

He roputb

He € J1IOC

BigHOCHO iHEpTHUM

He moxe 6yTU OKUCHUKOM

IHepTHMM WOA0 BiINLHUX paguKanie
Jlerko BUAanfaeTbCcA 3 NPOAYKTY

Jlerko pocAraeTbCcA HAAKPUTUYHUM CTaH

COVORNoUmhwh=

—

1. BigHOCHO marnononsapHuun
2. He poyxe Xxopowunn po34YUHHUK,
ofHaK gobpe po3dymHAE nepdiyopoByrneBoAHi, CUNIKOHU



[losimepn, 1mo 100pe po3unnsOThes y scCO,

T h O R

Poly(tetrafluoroethylene), PTFE Poly(dimethylsiloxane), PDMS

HaC (T

e 17 L]

CH ﬁ @) O

| o [ B2 g
H3C

Poly(ether-carbonate) copolymer



“Hagkpurnunuin” CO, (scCO,): 3acTocyBaHHs

NouhswN =

XiMIYHO YHCTHUH

Herokcunuii KocMeTHYHA IPOMMUCJIOBICTD,
He ropurtsb

CrabinbHuii (l)apMauiﬂ,

be30apBHui .

Be3 3amaxy XapuoBa mnpoMmuc/JaoBICTb

be3 cmaky

1.ExcTpakuisi, HaBiTh 3 TBep/aoi ¢da3u!
2. 3amina CCL=CCl, y cyxomy XiM. YHIIeHH]

3. BBeieHHs 0apBHUKIB, cTadLIi3aTOpiB

Franceska M. Kerton Alternative Solvents for Green Chemistry // RSC Publishing , 2009, Chapter 4



“Hagkpurnunuin” CO, (scCO,): 3acTocyBaHHs

XiMIiYHUM CHUHTE3

1. TigporeHi3auis, okmcrneHHs, dinbca-Anbgepa ....
2. [eTeporeHHU KaTanis
3. [HeopasHi sc¢CO,/H,0 Ta s¢CO,/iionni pinunu cucremMu

H2
PeareHT H.O
2
— PeareHt———pooykT > MNpoaykT

Franceska M. Kerton Alternative Solvents for Green Chemistry // RSC Publishing , 2009, Chapter 4



OpcaHUNECKOE
cC eduHeHUe
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“Hagkpurnunuin” CO, (scCO,): 3acTocyBaHHs

XiMIiYHUM CHUHTE3

4. CuHTe3 nornimepis

FZC_—CFZ H2C_—CF2 /\/\/ % &

H/Me

R =Me, CH2C7F15

Figure 4.11 Selection of monomers polymerized in scCO,.

Franceska M. Kerton Alternative Solvents for Green Chemistry // RSC Publishing , 2009, Chapter 4



1. Fractionation of a Perfluoroether

2. Fractionation of Polyolefins (Polyolefins

and copolymers fractionated by molecular weight, side
chain branching, and chemical composition-at the kilogram

scale).

3 3

2
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DSC Response ( ~——— £i
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Cunre3 y Boai

Normal boiling point
Normal freezing point |

760 mm |---------m o \

Liquid

Solid Vapor

Pressure (mmHg)

e Triple point

0° 0.01° 100°
Temperature (°C)
Figure 1.1 Phase diagram for water.

Chao-Jun Li, Tak-Hang Chan Comprehensive organic reactions in aqueous media // Wiley-interscience, 2007.

Franceska M. Kerton Alternative Solvents for Green Chemistry / RSC Publishing , 2009, Chapter 3



CuHTe3 y BOIi: mepeBaru

BapTicTb

besneyHicTb

CUHTETUYHA ePEKTMBHICTb

[TpocToTa onepyBaHHS

[py>XHA 0O OTOYYHHOro cepenosuLLa

MOoXXnMBICTb PO3POOKM HOBUX CUHTETUYHUX METOANK

SRS ol

Chao-Jun Li, Tak-Hang Chan Comprehensive organic reactions in aqueous media // Wiley-interscience, 2007.
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3acTocyBaHHA BOAM: BaAPiaHTHU

1. EKcTpakuis
2. XiMIYHUWN CUHTE3

3. CwuHTe3s nonimepis

Chao-Jun Li, Tak-Hang Chan Comprehensive organic reactions in aqueous media // Wiley-interscience, 2007.
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L'inpododoHuu epekt

[iapodoBHUIN edbekT |:>

Hydrophilic head

Hydrophobic tail

aE

Spherical micelle Cylindrical micelle
(normal) (globular)

0RO 0%
Q’o% Q’o%

3A: before aggregation 3B: after aggregation

Figure 1.3 (@ nonpolar solute; O water).




CuHTe3 y BOAI: NPUKJIAIU

1. EMynbcinHa nonimepu3sauis
2. ligponis:

Hydrolysis of Cellulose

™~ HO 0
%m } 1% st04 aq. H&OH
OH OH

215 °C, 30 s 39%,




“HaakpuruyHa” BoJa

Critical point
g  [esssesmenlem e Supen‘critical
fluid

Liquid

Pressure (atm)

Temperature (°C)

Figure 1.4 Phase diagram of water around the supercritical region.



“HaakpuruyHa” BoJa
XiMIiYHUM CUHTE3

1. Bucoka po3uynHHicTb rasiB y sSCH,O w====) Peakuii okucneHHs

Table 4.8 Compounds that have been

2. Tipponis ’ o
hydrolysed in NCW.

Small molecules Polymers
Ethers Nylon

Esters PET

Amides Polycarbonate
Nitriles Phenolic resin
Amines Epoxy resin
Nitroalkane Cellulose
Alkyl hahde Chitin
Glucose Vegetable oil

Fructose




“HaaxkpuruuHa” Bojaa (sc HZO)
XiMIiYHUM CUHTE3

1. Bucoka po3uynHHicTb rasiB y sSCH,O w====) Peakuii okucneHHs

¥

BioMiHHEe cepepoBulle ANS TOTaANbHOIO OKUCNEHHS HebaxaHux Ta Hebe3neyHux
OpraHiYHMX PevyoBUH Y BOA|, LLIO 3abpyaHeHa Biaxoaamu:

99.9999% mOMIIIOK MOKYTh OyTH 3HCIIKOKCHI !



2. lipponis:
KOMBiHYBaHHSA

3 MIKPOXBUITbOBUM
CUHTE30M He noTpebye
KaTtani3artopis!

“HaakpuruyHa” BoJa

XiMIiYHUM CHUHTE3

Hydrolysis of ethyl benzoate

O

OEt

o

H,0

MW, 295 °C, 77 bar

2h

Hydration of phenylacetylene

©{

H,O
MW, 295 °C, 77 bar
25h

OH

conversion >99%

Me

isolated yield 78%

+ di_mer
+ trimer



Structure of B-cyclodextrin

sekundare Hydroxygruppe Hydrophober Hohlraum

H(L/ &
, HO f\ /~OH
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HO Hydrophile AuRenseite

\
Schnitt durch eine Glucose-Einheit



Structure of cyclodextrin
y - =




] mll
Structure of B-cyclodextrin




CuvHTe3un y Boal

Cyclodextrin Complexes of Polymers Bearing Adamantyl
Groups: Host—Guest Interactions and the Effect of Spacers
on Water Solubility

T= T fii !
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waler saluble sobulbile m water



Free-radical polymerization of monomer/Me-b-CD complexesia
and 3a in water at 25 8Cusing the redox initiator system
K,S,0,/Na,S,0,.

H,0, 256 °C
redox initiator
2a 2
1a 2a b)
100
80
b) \ ot
n 40
“ O HZO 25 oC O ‘ 28' heating
N .. e - | ] —T T T T T T T o}
H redox initiator HH o D 20 40 60 80 100
100
80
60
40 ;
20 cooling
0
0 | 20 ' 40 | 80 | 80 100
T/°C —




NonHi piauHu

NaCl T_=800°C

1914 Naynb Banbgen [C,H.NH,]"[NO.]" T_=12°C

Franceska M. Kerton Alternative Solvents for Green Chemistry / RSC Publishing , 2009, Chapter 6



N -

© NSO

WoHHI piiuHM: nepeBaru

1914 Naynb Banbge [C,H.NH,]"[NO.]" T_=12°C

Mana netkictb

TepMivHa CTIVKICTb

PerynboBaHi BNacTUBOCTI

Temneparypa nnaBfieHHA PerynieTbCA — BOHA TUM MeHLa, Y1UM
aCUMeTPUYHILLINIA KaTiOH

Bubip NOHHOI pignHK CUNBLHO BNAMBAE Ha nepeodir xiM. peakuil
Po3unHsaoTb MeTanesi kaTanizatopu abo cami 4itoTb K KaTanisatopu

€ MOXNUBICTb MOBTOPHOIO0 BUKOPUCTAHHS

BigMiHHA PO34YMHHICTb IOHIB — 3aCTOCYBaHHSA Y efIEKTPOXIiMIT Ta MmeTanypril

Franceska M. Kerton Alternative Solvents for Green Chemistry / RSC Publishing , 2009, Chapter 6



Wonni pinunau (RTIL): nepesaru

Table 6.1 Some physical properties of imidazolium-based ionic liquids.*“
Thermal Density/ Viscosity/ Conductivity/

Cation Anion Mp/°C stability|°C g com ™ cP ohm™ em™

Emim BF, 6 412 1.24 3.7 1.4

Bmim BF4 —81 403 | 1 5 219 0.173

Bmi (CF;S0,), N~ —4 439 1.429 52 0.39

Bmim PF¢ —61 349 1.36 450 0.146

Hmi —61 417 1.29 585 E

“Emim == 1-ethyl-3-methyTi
methylimidazolium

N

/\ P
NN (DN—cH.

. Bmim = 1-butyl-3-methylimidazolium, Hmim = 1-hexyl-3-

/\_
\/\/\/@/N CH,

Franceska M. Kerton Alternative Solvents for Green Chemistry / RSC Publishing , 2009, Chapter 6



WoHHI piiuHM: nepeBaru

1914 Naynb BanbgeH [C,H.NH,]"[NO.]" T_=12°C

Cations
R, .
| ® R1\N/\N’R2 Anions
Ry VRs \@/ N
2R3 R7OR, NO; BF, CF;SO;  CI, Br, I
ammonium imidazolium pyrrolidinium
AlLCl;” SbFg CF,CO, CH,CO
|T1
®
Py N—R Me-,PO, PFg (CF3SO,),N (CN),N
Ry” “Ra <® N 2POy4 6 (CF3SON" (CN);
4 Ri R
phosphonium pyridinium piperidinium

Franceska M. Kerton Alternative Solvents for Green Chemistry / RSC Publishing , 2009, Chapter 6



HoHHI piAMHUA: MOXKJIUBI IPO0OIEeMU

1. [esaki MOXyTb OYyTN TOKCUYHUMMU
2. bionoriyHa CTinKiCTb OesiKux

3. He 3aBxagu € iHepTHUMU peakuinHMMK cepeanoBuLLLaMuU

WoHHI piAUHM: 3ACTOCYBAHHSA

1. EkcTpakuis (MOHM meTanis, opraHidHi Monekynu, 6iomonekynu, rasm)

2. EnekTpoximisi, OCKINbKU: BUCOKA PO3YMHHICTL CONnen Metariie, He MICTATb
BOAW, BUCOKA NPOBIAHICTb)

3. CwuHTesun: ocobnueo Ansa TuX, WO € YyTIMBUMM OO NPUCYTHOCTI BOSOrY;
OpraHivHi Ta HeopraHivHi peakuil)

Franceska M. Kerton Alternative Solvents for Green Chemistry / RSC Publishing , 2009, Chapter 6



Honnas xuakocrs [Toaumep

BPC-AICL (OEt) [Toau(napa)derunex

BPC-AICI, (1:2)

[HMI|FAP

Sl I\ /N N\ /N

EMI-AICI,

TBA-BF, B aueronuTpune [Monu(napa)peHUWICHBHHUIICH

\_

BMI-PF, [MoauTHodeH

EMI-CF, SO,

BMI-BF, /S\ S /S\ S

EAMI-TE,N

BMI-BF, \_/ \_J

EMI-CF, SO, [ToanaHuanH

BMI-BF, *N»gtj\
wehoWes

BMI-PF, [Moaunuppon

EMI-CF,SO,. EMI-PF,, EMI-BF, f\ R

EMI-PF,, EMI-T{,N o - 1047/
BMI-TE, N \ \



Deep eutectic solvents (DES) or mixtures
' Cat* X zY

=
-
-~ -

temperature

A mole fraction of B B

Deep Eutectic Solvents (DESs) and Their Applications Emma L. Smith, Andrew P. Abbott,and Karl S.
Ryder // Chem. Rev. 2014, 114, 11060—11082



Deep eutectic solvents (DES) or mixtures

Cat® X" zY
— H\NELN/H_
HO /Cer‘"’ D HO /C s
\/\/N—CH3 2 HszNHZ \/\N+—CH3 S
HC ¢ H,C Hoh
NN,
T _=302°C T _=133°C H L
T =12°C

Deep Eutectic Solvents (DESs) and Their Applications Emma L. Smith, Andrew P. Abbott,and Karl S.
Ryder // Chem. Rev. 2014, 114, 11060—11082



DES: 3acTocyBaHHs

Table 6.4 Solubility of various metal oxides
imm a 2:1 urea-choline chloride
eutectic at 60 °C.%7

Metal oxide Mp of metal oxide/”C Solubility/ppm

Al,O3 2045 < 1
CaO 2580 6

CuO 1326 470
Cu,O 1235 8725
Fe,0; 1565 49

Fe;0y4 1538 40

MnO> 335 493
Ni1O 1990 325
PbO, 888 9157
Zn0O 1975 8466

Franceska M. Kerton Alternative Solvents for Green Chemistry / RSC Publishing , 2009, Chapter 6
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