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Liebig s Analytical Laboratory at 1840




Chemical Laboratory
In Vietham 2004
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Chemicl Laboratory
In Kazakhstan 2005

Chemical Laboratory
In Indonesia 2006



Theory of Organic-
Chemical Reactions

Toxicology and
Ecotoxicology

Energy Consumption
and Atom Economy

Chemicals
and Reactions

Analytical
Methods for
Laboratory Functional
Techniques Groups

Sustainability



New Aspects of Sustainable Chemistry Education

How good does a chemical reaction work?

What is about the atom economy — yields vs. by-produ cts?
State-of-art analyses of raw and final products

Alternative reaction control

Factors of energy consumption and losses

Effect factors for hazard — toxic or not?

In general:

Which are the factors of environmental acceptability?



Chemicals do not respect national borders !

holistic consideration level

reaction level

reaction

!

workingup ——

INdANNOdIANS

I_
=
m
=
=
O
=
>
>
L




’3 NOP - Sustainability in the organic chemistry lab course - Microsoft Internet Explorer ‘;Lili!

Datei  Bearbeiten  Ansicht  Fawariten  Extras 2 | :‘,*
3 " Fry LI, ", =y =i ’ 3 T Py -

@ Zurick, - @ = |£| M ul | 7 Suchien L Favoriten ﬁ il = EJ _‘j

Adresse I—éﬁ bk /e, oc-prakkikun, defindes:, php?page=entry&ang=en j Wechseln 2u |Link5 =

-

Sustainability in the organic chemistry lab course

=

(<F)

T

=%

] ‘

© m— Weltdekade der

[« Vereinten Nationen

: 2005-2014

-T»1 Bildung fiir

L= nachhaltige

[r-8 Entwicklung i

L P Glossar

= BT =< _

g ll N [ S I} [I i el o n themeniwersuch){ i r
i Ml o il | I F location,replacel ' menu, php'?sub T
— Glossary nt.main, logation,replacel ', fthemen/ <

= - DBU c ‘t.reaktion.location.replace('.H »

Offizielles Projekt
der Weltdekade
2011 | 2012

For optimal viewing of the NOP pages JavaScript has to be activated in your browser and the Chime plugin rmust be installed. The
pages were optimized for a screen resolution of 1024 x 768 Help with the installation of Chime with newer browsers is available.

pagestentry php: March 03, 2006

~1.0 J wiC " suumssemn English ¥ Change language enrinclentry. htmi: March 03, 2006

WWW.ocC-praktikum.de

H

] [ [ [ | [smternet
distar| |3 2 99O BQSILIEE & |[€)Nop-sustainability in... 5] i NOP Brazl 2006-10... |Ee Mo @eBBALYE s




NOP - Sustainability in the organic chemistry lab course - Microsoft Internet Explorer

Datei  Bearbeiten  Ansicht  Fawariten  Extras 2

> Favariten @*I sl

P e i Y -
@Zuruck > ‘i| i£| .,|/ Suchien

Adresse i-éj hkkp: by, oc-prakiikum, definde:, php?page=subst ances2lang=engty pe=all&kerm=aminz

= | |24 wechseln zu |Links i

Link collection far complermentary searches
Search category Searchterm

|AII ;l !amine Search |

Ewery occurrence of the search term in the chosen categary will lead ta a hit

22—

| Showe all substances

Name CAS No  Experiments
3 4-Dibromo-2-chlorophenylamine none 1013
4-Brormo-2-chlorophenylamine 38762-41-3 1013
# Benzylamine 100-46-2 2006
Bromo-2-chlorophenylamine 118804-39-0 1013
Chlatamine T trihydrate 7080-50-4 3003
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Triethylamine 121-44-8 0oo3
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Search category

NP

Searchterm Degres of difficuty

N,?f_ Title Substance classes
(3] 2003 Acid catalyzed acetalisation of 3- aldehyde, acetal, alcohol,

correspondent 1,3-dioxolane

Acid catalyzed acetalisation of 3- aldehyde, acetal, alcohol,

correspondent 1,3-dioxolane

1001 Nitration of toluene to 4-nitrotoluene, 2- ritroaromatics, aromatics
nitrotoluene and 2 4-dinitrotoluene

Oxidation of anthracene to anthraquinone aromatics, guinohe

Oxidation of anthracene to anthraquinone aromatics, guinone

Isolation of trimyristin from nutmeyg carboxylic acid ester,
triglyceride, natural product

Isolation of trimyristin from nutmey catbouylic acid ester,
triglyceride, natural product

Synthesis of p-methoxyacetophenone from aromatics, carboxylic acid
anisole anhydride, acid catalyst

.___Zl 1035  Synthesis of p-methoxyacetophenone from aromatics, carboxylic acid
anisole anhydride, acid catalyst

[ l 4027  Synthesis of 11-chloroundec-1-ene from 10- chloroalkane, alcohol
|£] undecen-1-ol

nitrohenzaldehyde with ethanediol to the  protecting group, acid catalyst

nitrobenzaldehyde with ethanediol to the  protecting group, acid catalyst

Titls =l All |

Ewery occurrence of the search term in the chosen category will lead to 2 hit

Reaction type

reaction of the carbonyl group in
aldehydes, acetalisation

reaction of the carbonyl group in
aldehydes, acetalisation

electrophilic substitution of
aromatics, nitration of aromatics

oxidation

oxidation

isolation of natural products

isolation of natural products

electrophilic substitution of
armatics, Friedel-Crafts acylation,
reaction of the carbonyl group in
carboxylic acid derivatives
electrophilic substitution of
aromatics, Friedel-Crafts acylation,
reaction of the carbonyl group in
carboxylic acid derivatives

nucleophilic substitution

Search

Experimernts that are part of the NOP teaching module are shown ona grey background

Technigques

rernowal of water by azeotropic distillation, heating under reflux
with Soxhlet extractor (for 10 mmol preparation), stirring with
magnetic stir bar, evaporating with rotary evaporator, shaking
out, extracting, recrystallizing, filtering, heating with ail bath

microwave-assisted reaction, stiring with maanetic stir bar,
heating under reflux, distillation, introduction of gas, shaking
out, extracting, evaporating with rotary evaporator, filtering,
recrystallizing

distilling under reduced pressure, adding dropwise with an
addition funnel, working with wash bottles, extracting, shaking
out, recrystallizing, filtering, evaporating with rotary evaporator,
stirring with magnetic stir bar, draining of gases, use of 3
cooling bath, heating with oil bath

mechanochemical reaction, grinding with a planet ball mill,
filtering, evaporating with rotary evaporator

stirring with magnetic stir bar, evaporating with rotary
evaporator, filtering, recrystallizing

extracting with Soxhlet extractor, evaporating with ratary

-

Difficulty
Easy

Medium

Difficult

Easy

Easy

Easy

evaporator, recrystallizing, filtering, heating under reflux, heating

with ail bath, stirring with magnetic: stir bar

microwave-assisted extraction, recrystallizing, filtering,
evaporating with rotary evaporator

heating under reflux, stirring with magnetic stir bar, filtering,
evapaorating with rotary evaporator, distilling under reduced
pressure, heating with oil bath

Mediurm

Easy

working with cover gas, adding dropwise with an addition funnel, Medium

shaking out, extracting, filtering, distilling under reduced
pressure, evaporating with rotary evaporator, stiring with
rmagnetic stir bar, heating with oil bath

heating under reflux, stirting with magnetic stir bar, adding
dropwise with an addition funnel, distilling under reduced

Medium
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NOP-nr  [2003 Acid catalyzed acetalisation of 3-nitrobenzaldehyde with ethanediol to the correspondent 1,3-dioxolane

Alternative: 5004

# @ Synthesis instructions as POF file for printing

Instructions Batch scale: & (0.1 mal ¢ 0.01 mol 3-Mitrabenzaldehyde

Operating scheme

Substances Reaction

Equipment

Evaluation 3-Mitrobenzaldehyde (15.1 g, 100 mmal), ethanediole (6.83 g, 520 mL, 110 mmal) and 4-toluenesulfonic acid monohydrate (1.00 g, 5.30 mmal) €]
: are dissolved in cyclohexane (200 mb) in a dry 500 mL round bottomn flask equipped with magnetic stiring bar, Dean Stark trap and reflux

Analytlcs condenser. The reaction mixture is refluxed until no more Water@ is collected in the Dean-Stark trap (approx. 2-3 h @).

User comments

Overview

Work up

The hot reaction mixture is poured into another 500 mL round bottom flask to separate it from an oily sediment (800 mg) which has formed at the
bottom of the reaction vessel. The sediment consists predominantly of product, starting material and 4-toluenesulfonic acid ("H-NMR spectrum). The
solvent of the decanted solution is directly removed with a rotary evapnrator@. A yellow crystalline solid remains as crude product.

Crude product yield: 19.7 g; melting point 50-52 °C; Purity according to GC: 95% acetale + 4% aldehyde

In arder to remove unreacted aldehyde as hydrogensulfite adduct, the crude product is dissolved in 200 mL fert-butyl methyl ether and extracted
once with 20 mL saturated agueous sodium hydrogen sulfite solution. The organic phase is dried over sodium sulfate, the sodium sulfate is removed
by filtration and the solvent is evaporated with a rotary evaporatur@tn yield a neatly colorless crystalline residue.

Yield: 17.9 g; melting point 57-58 °C; Purity according to GC: more than 99%.

The product is for most uses pure enough. If further purification is reguired, recrystallization from a solvent mixture of cyclohexane f tet-butyl methyl
ether in a ratio of 1:1 (approximately 45 mL) can be camied out. The solution should be allowed to stand covered at room termperature until crystals
farm {if needed 1 to0 2 days). If the solution is cooled quickly in an ice bath, only an oil generally forms. After cooling for a short time in an ice bath,
the crystals are filtered and dried until constant mass is achieved in a desiccator at reduced pressure,
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Hu a0
HO 4-toluenasulfonic acid
" cyclochexans
MO, HO
CHNO, C.HO CHO8-H,0
(1511} (62.1) (100.2)
Classification

Reaction types and substance classes
reaction of the carbonyl group in aldehydes, acetalisation
aldehyde, acetal, alcohol, protecting group, acid catalyst

Work methods

Instruction (batch scale 100 mmol)

Equipment

il bath

Substances

J-nitrobenzaldehyde (mp 58 °C; product from
WNOP-NT. 1003)

ethanadiol (bp 198 *C)

4-toluenesulfonic acid monohydrate (mp 1032-105 °C)
cyclohexane (bp 81 °C)

feri-butyl methyl ether (bp 55 °C)

sodium disulfite

sadium sulfate for drying
cyclohexane (bp 81 °Cy for recrystallization
deri-butyl methyl ether (bp 55 °C) for recrystallization

L) 4] 1voniz (b Y eogax2Tam O | = B A

2003 Acid catalyzed acetalisation of 3-nitrobenzaldehyde with
ethanediol to the correspondent 1.3-dioxolane

removal of water by azeotropic distillation, heating under reflux with Soxhlet extractor (for
10 mumol bateh seale), stirring with magnetic stir bar, evaporating with rotary evaporator,
shaking oul, extracting, recrvstallizing, filtering, heating with oil bath

500 mL round-bottom flask, water separator, reflux condenser, heatable magnetic stirrer with
magnetic stir bar, separating funnel, rotary evaporator, suction flask, suction filter, desiceator,

it wewew oo-praklikum.de

o_. 0
+ HO
NO,
CyH NG,
{195.3)

15.1 g (100 mmol)

6.83 pro.20 mL, 110 mmol )
190 mg ( 1.00 mmol)

200 mL

200 mL

about 13 g (for 20 mL saturated
aquesus NaHSOs-solution)
about 5 ¢

about 30 mL

about 30 mL

July 2005

Fert@ \ / .
Bstan| |3 8 OO B0 SN

& | ] mufie noP Brazi 2006-10... | &1 mop ~Nac‘|~dwaltig‘_l_<eitim.o...|[‘@ http://wew.oc-prakti...

I_I_l_’_’_|‘ Internet

§-OF XY PO S e




’3 NOP - Sustainability in the organic chemistry lab course - Microsoft Internet Explorer _|8] =l

Datei  Bearbeiten  Ansicht  Fawariten  Extras 2 | j‘:’ |

: A - L ISP ! | Ui ’ - | o 1y ot ™ &

[‘Q Zuriick £ i| ,‘£| ol | / Sucher T Farvoriten !; | = ! EJ _“5 ‘
= = = |

Adresse i@ itk e, oc-prakkikun . definde s, php?page=axperiment®exp_id=20038view=schemelang=cn _'J a Wechseln 2u | Liriks ”|

-

Operating scheme

(I | 3-Nitrobenzaldehyde,
ethanediol, 4-TSA,
cyclohexane

NOP-Nr 2003 heat {11

Alternative: 5004 (e separato] Water WASTE DISPOSAL
Overview (1)} 3-pitrabenzaldehyde
. dioxolane (crude),
InstivCtars ethanediol, 4. TSA,
Operating scheme h eyclohexane
Substances () ” .
issolve in
Equipment fecont VISR, | acdone WASTE DISPOSAL
Evaluation fesioue
Analytics evaporate
User comments cyclohexane Cyclohexane v SOLVENT
(evaporated) RECYCLING
(W1} deNitrobenzaldehyde
dioxolane (crude)
1. dissolve
in MTBE
LSO, var Water, (V1)
NaboD, WASTE DISPOSAL
MNaHS0, adduct
dry with
Na,S0, Filter, Na,S0,, |(¥IID
(used) WASTE DISFOSAL
evaporate
MTBE MTBE {14 SOLVENT
{evaporated) RECYCLING
Ve 3-Mitrobenzaldehyde
dioxolane (A
Filter
recrystallize from (used) e s
ethanol :_j
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Alternative: 5004

MOP-Nr:

Overview
Instructions
Operating scheme
Substances
- Substances produced

- Data availability

- Effect factors TRGS 440

- Stoichiometry

Equipment

Evaluation

Analytics

User comments

WEC X WAC csenr

OH 4-toluenesulfonic
acid

OH

MO,

I
0.0

+ Hgo . Gide reactions

N,

Substances required

Batch scale: & 01 mal € 0.01 mol 3-Nitrobenzaldehyde

Educts
3-Mitrobenzaldehyde

x ¥n
1, 2-Ethanedial K
Catalyst

4-Toluenesulfonic acid monohydrate x A

Solvents
W B
W Fx

X
K i
b~

Cyclohexana
tert-Butyl methyl ether

Others

Sodiurm disulfite
Sodium sulfate

Molecular sieve 44
Solvents for analysis

tert-Butyl methyl ether

B FX

IEninsh '!

Change language

Amount Risk Safety

151y R2236/37/38 5 22:24/05-26-36
683y RZ2 52

Amount Risk Safety

019y R 36/37/38 5 2-26-37
Amount Risk Safety

~ 230 mL R 11-38-50/53-65-67 5 2-9-16-33-60-61-62

230mL R 11-38 5 2-9-16-24
Amount Risk Safety
~13g R2231-4 5 2-26-39-46
~5 R 3637438 5 26-36

Og R 36/37/38 5 24/25
Amount Risk Safety

5 mL R 11-38 5 2-9-16-24

_,Qj Fertig
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OH 4-taluenesulfonic

acid '+ H,0 - Side teactions
OH i

NOP-Hr.  [2003 Effect factors TRGS 440
Alternative: 5004
Overview Effect factor 0 Effect factor >0 to 10 Effect factor =10 to 100 |Effact fac ‘*{]D{BWDD Effect factor >1000 to 50000
Instructions
Operating scheme Catalyst Oihigre
Substances o
- zubstances required [
- Substances produced 4-Toluenesulfonic acid monohydrate E{\_O Sodium disulfite MaHs o

e Effect factor; & o Effect factor; 100 3
- Data availability
- Effect factors TRISS 440 h H,C

- Stoichiometry

; Solvents
Equipment
Evaluation g;ﬂi':rfﬂ Stulfatse Ma,SO,
i Cyclohexane ect factar:
Ayt Effect factar & %
User comments
~LH Malecular sieve 44 ,
o 3 olecular sieve Na Al Si 0
tert-Butyl methy| ether Effect factor: 5 X oyTEon
Effect factor & H.C N CHS
& CH,

Solvents for analysis

2

A
0]
tert-Butyl methy| ethar
Effect factor & e CH3
3 CH

r ces g I . ! pagesexperiment phi: March 03, 2006
%"’ « SOWE RIBHTS RESERVED EngIISh hd Change Ianguage viewsleffect factors.php March 03, 2006
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3 NOF - sustainability in the organic chemistry lab course - Microsoft Internet Explorer
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Evaluation text

The clagsical variant of the "Acid catalyzed acetalisation of 3-nitrobenzaldehyde with ethanediol to the correspondent 1 3-dioxolane” is an easily performed experiment. The
desired product is obtained in high yield @ and high selectivity. Also the purity of the end product is very high.

The mass efficiency is high to medium, compared to the other NOP experiments and thus evaluates as good @ The energy efficiency of the classical experiment is highly
dependent on the method of heating @

{Ecojtoxicological data for the educt 3-nitrobenzaldehyde are incomplete, toxicological data for the product 2-(3-nitrophenyli-1 3-dioxolane have not been determined at all.
According to theoretical prediction methods both product and educt are suspected to have mutagenic, carcinogenic and sensitizing properties. The arganic solvents used in this
experir&e)nt ethanal, cyclohexans and ted-butyl methyl ether exhibit relatively low acute toxicity. Also the inorganic auxiliary materals do not pose significant dangers to human
health V2.

Educt, product and the solvents cyclohexane and terd-butyl methyl ether are biologically not easily degradable, and some are classified as dangerous to the environment
because of their toxicity to aguatic organisms Y2

Surmmed up we evaluate this experiment with Boood economic efficiency and acceptable toxicological risks, but a relatively high environmental persistence of the used
substances with the "yellow light".
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@ Evaluation of aquatic toxicity (simplified according ta the EU
clagsification criteria for LT, for algae, fish or water flaas):

LC,, <1 mg/L: high taxicity
LC,, 1-100 mg/L: average toxicity
LC,, »100 mg/L: low taxicity
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NOP - Sustainable Organic Chemistry Lab Course
|nternational Partners

NOP Tiirkei:
Prof. Dr. Ayhan Demir und Team

NOP Griechenland:
Prof. Dr. Nikolaos G. Argryropoulos und Team

Dr. Ursula Prof. Jirgen Prof. Bernd Dr. Johannes Dr. Caren  Dr. Reinhold Dr. Dr. Carsten
Biermann Metzger Jastoff Ranke Doose Stdrmann Vogt Wattenbach
—~—

Das deutsche NOP Team

Dr. Christa
Braig
FT

Prof. Burkhard
Konig

Dr. Birgit
Krelle
NOP Jordanien:

Prof. Dr. Mufeed Batarseh und Team

NOP Russland:
Dr. Ekaterina Lokteva und Team

Ao

Prof. Henning  Prof. Mirfit Prof. Bernd  Dr. Mathias Unter  Dr. Andreas  Prof. Harun Prof. Dieter
Hopf Bahadir Ondruschka  Niichter Kreisel Diehlmann  Parlar Lenoir

Internationalisierungskonzept

Inhalte als Word-file
zur Ubersetzung

Letter of Agreement

NOP Brasilien

Prof. Berta Maria Heinzmann und Team

NOP Indonesien:
UNIVERBITAR DADJAH M,
FAKULTAS MIPA

Ubersetzte Inhalte
werden in die NOP

Datenbank eingefiigt Off-line Nutzung

der libersetzen
Lehrmaterialen
erlaubt

Einfache non-profit Zusammenarbeit mit nationalen Editoren
bietet , kleinen Sprachen” einen Zugang zu modernem Lehrmaterial
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