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Chemistry: A Central Science



Scientific Method & iy,

s QA S (L by ey (8
AS Oy (d)d eSS g sl

2Ll
L 4

wﬁ&‘ﬂgJﬂAJ;ﬁm.\wm
A e g ndy odaLiia



3,00 L g5 3) N A TIE AR

(P90 Gl ay (A g
Gl CALLG J guaaa jui g Aadda 4@353&3.43;
ORI a0l ) £ (AL

9 eALEL Ay g i U AS e e

(S 8 ALy Ay oad ol 4y BT da o

@\JédeM‘dﬁjﬂw.ﬁ@jg}uj&
Nl o Gl sla



Ale ha g% £ s

AL X ACRER S g Y
Sl Jggaa OISR Al Cads U ¢yl
rs el gL el i g
Sl aglra Jlaa) 4y G180 s Al Jaadi b (¢ 58

U an S 0 0 1 A8l o O 500 Al ) cauge 92 &
s 1 AL 3 4] 4

S &I g ) ST ) g Gl g9l §8 Cranaalia (s g5
D93 A (s 9a) Algs



17th and 18th Centuries: Early Chemistry
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http://en.wikipedia.org/wiki/1743
http://en.wikipedia.org/wiki/1794

Wilhelm von Humboldt
1767—-1835

Prussian minister,
philosopher, linguist

Alexander von Humboldt
1769-1859

German polymath, geographer, naturalist,
explorer, and proponent of science
His quantitative work on botanical geography
laid the foundation for biogeography
His systematic geophysical measurement laid the
foundation for modern
geomagnetic and meteorological monitoringm
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Supports fundamental research in the natural,
life, and social sciences, the
arts and humanities in its 86 Institutes

Max Planck Society

for the Advancement of Science

Predecessor Kaiser Wilhelm Society

1911; 112 years ago

Non-profit research
organization

Headquarters Munich, Bavaria, Germany

President Patrick Cramer

Budget €1.8 billion (2018)
Staff 23,767 (2018)


https://en.wikipedia.org/wiki/Kaiser_Wilhelm_Society
https://en.wikipedia.org/wiki/Munich
https://en.wikipedia.org/wiki/Bavaria
https://en.wikipedia.org/wiki/Germany
https://en.wikipedia.org/wiki/Patrick_Cramer
https://en.wikipedia.org/wiki/File:Max_Planck_(Nobel_1918).jpg
https://en.wikipedia.org/wiki/File:Max_Planck_(Nobel_1918).jpg
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Entrance of the
i administrative
headquarters of
MPS in Munich

MPS has 17,000 permanent employees, including
5,470 scientists, plus 4,600 non-tenured scientists
and guests. As 2018, MPS employed 23,767 staff.
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https://en.wikipedia.org/wiki/File:M%C3%BCnchen_-_Max-Planck-Gesellschaft.JPG
https://en.wikipedia.org/wiki/File:M%C3%BCnchen_-_Max-Planck-Gesellschaft.JPG

Max Planck Institutes operate independently
from the universities, and focus on
innovative research that does not fit into the
university structure due to its
interdisciplinary or transdisciplinary nature
or that require resources that cannot be met
by the universities.

Max Planck Institutes are organized into research
departments headed by directors; comparable to
full professor to department head at a university.
Other core members include Junior and Senior
Research Fellows

18



24 Nobel Laureates
Max-Planck-Society
(since 1948)

10 Chemistry
7 Medicine

7 Physics

Ferenc Krausz, Nobel Prize, physics, 2023

Svante Paabo, Nobel Prize, medicine 2022

Benjamin List, Nobel Prize, chemistry 2021

Klaus Hasselmann, Nobel Prize, physics 2021

E. Charpentier, Nobel Prize, chemistry 2020
Reinhard Genzel, Nobel Prize, physics 2020

Stefan W. Hell, Nobel Prize, chemistry 2014
Gerhard Ertl, Nobel Prize, chemistry 2007
Theodor W. Hansch, Nobel Prize, physics 2005
Christiane Nusslein-Volhard, Nobel Prize, medicine 1995
Paul Crutzen, Nobel Prize, chemistry 1995

Erwin Neher, Nobel Prize, medicine 1991

Bert Sakmann, Nobel Prize, medicine 1991

Robert Huber, Nobel Prize, chemistry 1988
Hartmut Michel, Nobel Prize, chemistry 1988
Johann Deisenhofer, Nobel Prize, chemistry 1988
Ernst Ruska, Nobel Prize, physics 1986

Klaus von Klitzing, Nobel Prize, physics 1985

Georges Kdhler, Nobel Prize, medicine 1984

Konrad Lorenz, Nobel Prize, medicine 1973

Manfred Eigen, Nobel Prize, chemistry 1967
Feodor Lynen, Nobel Prize, medicine 1964

Karl Ziegler, Nobel Prize, chemistry 1963

Walter Bothe, Nobel Prize, physics 1954 19
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https://en.wikipedia.org/wiki/File:Jet_Propulsion_Laboratory,_Pasadena_CA_(21030091981).jpg
https://en.wikipedia.org/wiki/File:Jet_Propulsion_Laboratory,_Pasadena_CA_(21030091981).jpg

Jet Propulsion Laboratory (JPL) is a R & D center in
California. Founded in 1936 by Caltech researchers, JPL
is now sponsored by NASA and managed by CalTech

Jet Propulsion Laboratory (JPL)

Established October 31,
1936; 87 years
ago

LR A s Applied

>6,000

Operating Managed
agency for NASA by Cal
tech

In 2022, JPL budget was $2.4 billion, with the largest
share going to Earth Science and Technology development



https://en.wikipedia.org/wiki/Employment
https://en.wikipedia.org/wiki/NASA
https://en.wikipedia.org/wiki/California_Institute_of_Technology
https://en.wikipedia.org/wiki/File:P1-RocketBoys_(cropped).jpg
https://en.wikipedia.org/wiki/File:P1-RocketBoys_(cropped).jpg

JPL-developed missiles on
display at JPL in 2006

There are 6,000 full-time
Caltech employees, and a few

thousand contractors working at
JPL.

NASA has a resident office at
the facility staffed by federal
managers who oversee JPL's
activities and work for NASA.

9!
.;g There are also some Caltech

graduate students.
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https://en.wikipedia.org/wiki/File:JPL1.jpg
https://en.wikipedia.org/wiki/File:JPL1.jpg

A display at the May
2007 Open House

JPL had an open house once a year on a Saturday
and Sunday in May or June, when the public was
Invited to tour the facilities and see live demo of JPL
science and technology.

More private tours are also available. Thousands of
schoolchildren visit JPL every year. .


https://en.wikipedia.org/wiki/File:2007_jpl_open_house.jpg
https://en.wikipedia.org/wiki/File:2007_jpl_open_house.jpg
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Mars Perseverance rover team in front
of JPL's administration building



https://en.wikipedia.org/wiki/File:PIA23923-MarsPerseveranceRover-TeamMembers-20190717.jpg
https://en.wikipedia.org/wiki/File:PIA23923-MarsPerseveranceRover-TeamMembers-20190717.jpg

Weizmann Institute of Science

Public research
1934

$600 million (2019)
952

400

1,082

356

700
380

Koffler particle accelerator

Weizmann Institute of Science is a research university
in Israel, established in 1934. It differs postgraduate-
only degrees in the natural and exact sciences.
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https://en.wikipedia.org/wiki/Public_university
https://en.wikipedia.org/wiki/Research_university
https://en.wikipedia.org/wiki/Financial_endowment
https://en.wikipedia.org/wiki/Postgraduate_education
https://en.wikipedia.org/wiki/Doctorate
https://en.wikipedia.org/wiki/Postdoctoral_fellow
https://en.wikipedia.org/wiki/File:Israel_Hiking_Map_%D7%9E%D7%92%D7%93%D7%9C_%D7%A7%D7%95%D7%A4%D7%9C%D7%A8.jpeg
https://en.wikipedia.org/wiki/File:Israel_Hiking_Map_%D7%9E%D7%92%D7%93%D7%9C_%D7%A7%D7%95%D7%A4%D7%9C%D7%A8.jpeg

Weizmann Institute of Science is

a multidisciplinary research center, with
around 3,800 scientists, postdoctoral
fellows, Ph.D. and M.Sc. students, and
scientific, technical, and administrative staff.

As of 2019, six Nobel laureates have
been associated with Weizmann Institute.



Weizmann Institute of Science was ranked
number 2, globally, for research quality by the
Nature Index in 2019, and in the top 25
research institutes/universities in the world in
two main categories: Top Cited Publications
and Patents Awarded.

The institute was in 7th place in the European
Research Council report in 2020 for its high
rate of success in obtaining research grants.

In 2018 the institute was ranked 9th, globally,
(1st in Israel) by the CWTS Leiden Ranking.



Indian Institutes of Technology The Indian Institute of

: : Technology (IITs) are
T Public Tech I
s S — Centrally Funded Technical
Established 15 May 1950 Institutes located across
India

Location 23 cities in India

IITs are owned by Ministry of
Education of the India and are
governed by the Institutes of
Technology Act, 1961. The Act
declares IITs as Institutes of
National Importance and lays down
their powers, duties as the country's
premier institutions in the field of
technology. L T y
Each IIT has autonomy and is linked N e
to others through the IIT Council. g ’
The Minister of Education is the
chairperson of the IIT Council.

\
\
|
\
‘o
"
\y
\'  da 5f
Y )
{ i
|


https://en.wikipedia.org/wiki/Technical_university

In 1950, the office of the Hijli
Detention Camp served as the first
academic building of IIT Kharagpur

A 22-member committee, recommended the establishment of
these institutions in various parts of India, along the lines of
the Massachusetts Institute of Technology (MIT).
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https://en.wikipedia.org/wiki/File:IIT_Kharagpur_Old_Building_1951.jpg
https://en.wikipedia.org/wiki/File:IIT_Kharagpur_Old_Building_1951.jpg

On 15 September 1956, the Parliament of
India passed the Indian Institute of
Technology (Kharagpur) Act, declaring it as
an Institute of National Importance.

In 1956, Jawaharlal Nehru, first Prime
Minister of India, said: Here in the place of
that Hijli Detention Camp stands the fine
monument of India, representing India's
urges, India's future in the making.



The IITs receive comparatively higher
grants than other engineering colleges
in India: $20-30 million per year for
each IIT.

Other sources of funds include student
fees, research funding from industry,
and contributions from the alumni.

The faculty-to-student ratio in IITs is
between 1:6 and 1:8.



Doctoral

The IITs offer the Doctor of Philosophy
degree (PhD).

The candidates are given a topic of academic
interest by the ins or have to work on a
consultancy project given by the industries.

Teaching Assistantships (TA) and Research
Assistantships (RA) are often provided.



Brain drain

Among the criticisms of the IIT system is that it
encourages brain drain. Since 1953, nearly 25000
IIT graduates have settled in the US.

Since the US benefited from subsidized education
in IITs at the cost of Indian taxpayers' money,
critics say that subsidising education in IITs is
useless.

Others argue that the capital sent home by the IIT
graduates has been a major source of the
expansion of foreign exchange reserves for India.

33
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