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Paul T Anastas, John C Warner, Green Chemisiry: Theory and Praciice, Oxford University Press, New York, 1998
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% yield = (actual yield/theoretical yield) x 100
Example: nucleophilic substitution reaction

ChGIR, MO0 = Halr BB, ——= (BOHCHCHIF o HaliGD, & Bl
f 2 X 4 ] ]
product MW moles expected actual % yield
(theoretical) yield (g) yield (g)
C4HgBr 137.03 0.0108 1.48 1.20 81%

CHyCHoCHGLHOH » Balle & b il - + MEHEO, * MO
F 3 £ B
0.80g 1.33g 2009
MW =7412 MW =102.91 MW =98.08

O O CHy 2 Wl v R0, ——s= (FHCHCH 0 RS0+ il

1 2 X Solvent 4
Waste!
0.15g 043 g 1149 1209 1.05g 0.16g
MW =7412 MW =102.91 MW =98.08 MW = 137.03 MW = 120.06 MW = 18.01
Waste! Waste! Waste! Waste! Waste!

19
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Atom Economy (Barry Trost)
= (FW of atoms utilized/FW of all reactants) X 100

Atom economy describes the conversion efficiency of a
chemical process in terms of all atoms involved.

Trost, Barry M., The Atom Economy-A Search for Synthetic Efficiency. Science 1991, 254, 1471-1477.

CHCH DHo TGO+ Rlalle = BBy —= CHESH SR o ey + bl
-] -]

1 2 ] 4
AE B&
EH:E H;CH;EH:ET Product
CH;':-H;-CH;': H;-DH + MaBr + H:ED"‘ All reactants

21
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E-7703—

Roger Sheldon’s Environmental Impact Factor (E-factor):
E-77%94— =kg waste/ kg desired product

Annual product
tonnage

Industry Sector

Oil Refining 106- 108

Bulk chemicals 10*- 10°

Fine chemicals 102- 10*

Pharmaceuticals 10-10°

Sheldon, R. A. ChemTech, 1994, 24, (3), 38.
Sheldon, R. A. Chem Ind (London), 1992, 903.
Sheldon, R. A. Chem Ind. (London), 1997, 12.

E — factor

Other metrics

Roger Sheldon’s Environmental Impact Factor (E-factor):
E-77%%— = kg waste/ kg desired product
=REMDE kg / WRADE kg

Focus is on waste.

Sheldon, R. A. ChemTech, 1994, 24, (3), 38.

Sheldon, R. A. Chem Ind (London), 1992, 903.
Sheldon, R. A. Chem Ind. (London), 1997, 12.
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Other metrics

Roger Sheldon’s Environmental Impact Factor (E-factor):
E-factor = kg waste/ kg desired product
= (TEA + Toluene + (10.81 + 21.9 -23.6)) / 23.6
= (1 5+ 500 +9.11 ) / 23.6 by-product :n:?eriiaatl:ted starting
=22

Sheldon, R. A. ChemTech, 1994, 24, (3), 38.
Sheldon, R. A. Chem Ind (London), 1992, 903.
Sheldon, R. A. Chem Ind. (London), 1997, 12.
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Y—Fa215—Ia/3—(Circular Economy)
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Dynamic (Reversible) Polymers

H
Oy N0 UV 270 nm OYN o
N.

\/HNC/ CHs — \/HC CHy
afN/\ ' 3 /[\
N
O7NTO UVa249nm 9N

or enzyme

Bioinspiration from thymine crosslinkingin DNA

$ b
op=o oo
Wb 0o
Wi Qu u
1o SR Y
o= SN ot Tort
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s b
o-t=0 op=0
H ; /
N
e ) & oo
07 gHy Hoe

P Johnston, C. Braybrook, K. Saito, Chem.Sci,, 2012, 3, 2301-2306, P. Johnston, E. I. lzgorodina, K. Saito, Photochem. Photobiol. Sci., 2012.
11, 1938-1951. G. Kaur, P. Johnston, K. Saito, Polym. Chem., 2014, 5, 2171-2186, P. Johnston, D. Wheldale, C. Braybrook, K. Saito, Polym
Chem., 2014, 5, 4375-4384
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Dynamic (Reversible) Polymers Dynamic (Reversible) Polymers

(a) Linear reversible-polymerization, (b) Intramolecular cyclization, (c)
Cyclic Dimerization.

43 44

-
Dynamic (Reversible) Polymers Dynamic (Reversible) Polymers
a 1 ¥
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Molecular structures in the crystais or (a) monomer ana (b) polymer. tacn colored ellipsoid [EFE A ] Rrtmitas Tiser fams)

shows different atom: carbon (white), nitrogen (blue), oxygen (red) and methyl carbon related Repeated polymerization and depolymerization cycles. (a) Follows changes to average
to stereochemistry (green); (c) Schematic illustration of the topochemical polymerization. sample molecular weight (M,); (b) GPC chromatograms of the irradiated samples.
K. Saitoet al. RSC Advances, 2016, 6, 107317-107322 "

i i kP
- .
i
= . i ~
- = a 1 = ]
- P e
1 T UV-Vis absorbance spectrum for
” iphile 1 (a) & iphile 2
- (b) before and after UV-irradiation. Cryo-TEM images of bolaamphiphile 1 (a) &
b e iphile 2 (b) before irradiation and TEM
I ——— with staining images obtained for bolaamphiphile 1
(c) & iphile 2 (d) after irradiati
A.S. Al-Shereiqi, B. J. Boyd, Chem. Commun., 2015, 51, 5460-5462
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Self-healing Polymers
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Schematic illustration of the synthesized monomer and the suggested network structure for
the produced polymers.
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Self -healing of polymer. The figure shows: a)
scratched sample and b) sample with scratch
healed by irradiation with UV light only

M. Abdallh, C. Yoshikawa, M. Hearn, G. P Simon, K. Saito, Macromolecules, 2019, 52, 2446-2455.

LT

2025/9/12

I

BEBEMERYT—

- L ek

Self-healing Polymers
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Schematic illustration of the synthesized monomer and the suggested network structure for

the produced polymers. M. Abdallh, C. Yoshikawa, M. Hearn, G. P Simon, K. Saito, Macromolecules, 2019, 52, 2446-2455.
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Debonding-on-demand adhesives i Debonding-on-demand adhesives

Fujie, T. Nakanish

Asahi, K. Saito, Materials Advances, 2023, 4, 1289-1296.

M. Inada, T. Hori, T. Fujie, T. Nakanishi, T. Asahi, K. Saito, Materials Advances, 2023, 4, 12891296
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Self-healing Polymers

- PPN . T-hydroxycoumarin, K,CO, \ N P PPN
N . | -
g s i A8 k /\/\/\/\H\/\/\/\A/\(\ Z“/\K\JK/W\)\/\/W\ 9@
ESO-6-Coumarin ESO-11-Couarin
" STRTETS " ! i
L i T .
- )
ESO-Coumarin
Characterization of the self-healing and DoD adhesion properties of fims. Optical microscopy images of a) scratch on the surface (scale bar: 300 pm), and b)

healing on the surface after 254 nm irradiation (scale bar: 300 um). Dektak profiles of film c) before healing, and d) after healing. €) Schematic diagram of
shear tensile test preparation, f) photo of photoinduced DoD adhesives, and the surface of the glass after a shear tensile test. g) Average adhesion strengths
of shear stress test upon prolonged UV exposure... h) Shear adhesion of reversibly crosslinked by repeated photo crosslinking.

L ]

:
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a) debonding of the joint without irradiation b), d) bonded joints holding the 100 gm weight after 365 nm irradiation. c) debonding of
s b .y the bonded joint after 254 nm UV irradiation. e) Lap-shear strength as functions of 365 nm irradiation dose, f) Lap-shear strength as
UV-Vis spectra for compound ESO-11-Coum (a) crosslinking 365 nm (92%) and decrosslinking y f J ) vap it

functions of 254 nm irradiation dose and g) reversible Lap-shear strength under the alternate irradiation of 365 nm and 254nm UV
L ;
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Lignin Degradation
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Lisgees Oxidined Lignin

J. Dai, A. F. Patti, G. N. Styles, S. Nanayakkara, L. Spiccia, F. Arena, C. ltaliano K. Saito, Green
Chem. 2019, 21, 2005-2014.

Lignin oxidation by MnO2 under the irradiation of blue light

. & ¥

L]

k 'l-.-l
'l.ll ']
e
-

- Q 'l
P~ 1 | ~ I‘\h\_‘ —y-
.
[ r r —
:
- = B

= - [T

E -t '. SEC chromatograms of depolymerised lignin ethyl-

acetate soluble fraction
Differert iigriin inikages arid ZU-iNVin spectia di (&)

organosolv lignin, (b) alkali lignin, (c) kraft lignin, (d)
oxidised organosolv lignin, (e) oxidised alkali lignin, and
(f) oxidised kraft lignin.
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Circular Polymeric Materials
from Renewable Resources
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Lignin Degradation
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J.Dai,A. F. Patti, L. Longé, G. Garnier, K. Saito, ChemCatChem, 2017,

Lignin Degradation

J. Dai, G. N. Styles, A. F. Patti, K. Saito, ACS Omega. 2018, 3, 10433
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Lignin Degradation
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L. Longe, J. Couvreur, Grandchamp, G. Garnier, F. All
Chem. Eng. 2018, 6, 10 10107.
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ACS Sustainable Chem. Eng. 2024, 12, 18, 7147-7157.
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Z.Yang, P. Yan, X. Li, C. Miao, S. D. Cai, W. Ji, M. Song, L. J. Dodd,
X. Wu, T. Hasell, P. Song, Polym. Chem., 14, 3686 (2023).
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5] F S

12 Principles of Green Chemistry
. Prevention. It is better to prevent waste than to treat or clean up waste after it is formed.
2 Atom Economy. synthetic methods should be designed to maximize the incorporation of all materials
used in the process into the final product.

3. Less Hazardous Chemical Synthesis. lenever practicable, synrhe[llc m hud]o]ogsesshuu d be desngned to use and
generate substances that possess little or no toxicity to human \ealt and the environment.

4. DmunT 2 Safer Chemicals. Chemical products should be designed to preserve efficacy of the function while
ducing toxicity.

5. Safer Salvents and Ausiliaics The usepf usliary jubstances Golvents,separation agents, exc) should be made
unnenesswryw\enevﬁrpo>>| e en used, innocuous.

6. Design for Energy E Ener uld b regaenized for thefrenviponmental and econopic
o ey SRy Enery fequirgments shpuld b regqgnized fr shir envifonmentaland scone
préssure.

7. Use nf ene\\ﬁhle}'ud«mk ﬁ raw nmelrml or feedstock should be renewable rather than depleting whenever
chnically and economically practical

8. Rcducﬁl)em fives. Upnecessan dmv“ fation (blocking group, prtgction/deprotection, temporary modification of
‘Dhystcaly chemical processes) should be avoided wherever possi

9. Catalysis.

10. Design for Degradation. Chemical produgs should be designed so that g the end of their funcrion they do not
Bkt i The evironment and Mstead break down it mmosious degradaton prodtcs

Catalytic reagents (as selective as possible) are superior to stoichiometric reagents.

l]ARgal—lu‘t\gA|\n]\,\|~h»r T’ul]u[mx‘Prcurum\. nalytical r e odulumeu ed to be further developed to allow for
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