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System boundary

A boundary is a closed surface
surrounding a system through
which energy and mass may
enter or leave the system.

Surroundings

Everything that interacts
with the system

A system is a region containing
energy and/or matter that is
separated from its surroundings
by arbitrarily imposed walls or
boundaries
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Crystal Field Theory

Explain Crystal Field Theory

CFT
* (Crystal field theory is based upon orbitals but does not go fully into all of the molecular orbitals and potential
combinations etc. (That is called Ligand Field Theory—vide supra)
* With CFT we are just going to consider the d-orbitals and how they can interact with ligands
o d-orbitals are highly directional

*  most TM compounds adopt an octahedral geometry with six ligands about the metal centre
o QOverall this is a highly energetically favourable process (opposite charges attract)

Bonding in Transition Metal Complexes
* (Crystal field theory of bonding in octahedral coordination complexes
* [n the absence of any ligands, the five d-orbitals are degenerate.
* An octahedral metal complex, [M{L):]", can be viewed as six negative point charges approaching a metal
cation (overall, a very stabilizing interaction}.

* |n presence of ligands, degeneracy is removed. That means the d-orbitals have different energies or they are
split
o The net result is the colouration of transition metal complexes.

Crystal Field Theory: d-Orbital Splitting
*  Each ligand lone pair about the metal centre represents a negative point charge directed towards the metal
atom.
* These ‘charges’ coulombically repel electrons in those d-orbitals closest to them, leading to destahbilisation
{i.e. an increase in energy of those d-orbitals that are close)

Explain the impacts of crystal theory on the degeneracy of the d-orbitals

Construct an Orbital Diagram to show d-orbitals in an octahedral complex
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Conditions for geometrical isomerism

There are two necessary
conditions for a compound C|\ H
to exhibit geometrical C/
Isomerism: H H

1. The molecule must

contain a carbon-carbon C\ C\
double bond, the rotation Cl/ H Cl/

around which is strongly

hindered. CIS trans
2. Each of the two doubly

bonded atoms should have (a) (b)

two unlike groups

attached to it as, for
instance, abC=Cab.



Laws of Thermodynamics

Zeroeth law First law
Temperature Conservation of Energy
Two systems in equilibrium with a Energy can change forms, but is
third system are in thermal neither created nor destroyed.

equilibrium with each other. // total \ -
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Second law Third law
Entropy of an isolated system always| Entropy of a system approaches a

increases. constant as temperature approaches
absolute zero.
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entropy &

heat flow
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THE LIFE CYCLE OF A TERMITE
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Scientifi

Push to

attract girls
to STEM

GIRLS are pursuing careers in
science despite being outnum-
bered by their male peers.

More than 317,000 women
were employed in areas of sci-
ence, technology, engineering
or mathematics (STEM) in
November 2020 — making up
42 6 per cent of the state work-
force for such occupations.

This is an increase on 2019,
where 414 per cent of STEM
workers were women.

But women and girls are
still less likely to complete ter-
tiary education in STEM than
their male counterparts, some-
thing the science, medical and
education communities are
trying hard to change.

Liz Baker, a neonatologist
and researcher at the Royal
Women's Hospital, works with
babies who are born premature
or sick.

“There’s lots of stereotypes
about labs and white coats, but
what a career in science can
actually look like is so much
more varied,” Dr Baker said.
“Research wasn't at the fore-
front of my career planswhen |

started medicine and it was
probably being exposed to that
as a junior doctor that inspired
me to go down that path.”

Dr Baker is taking part in
the hospital’s virtual Meet A
Scientist event, which is being
held on Thursday to mark the
International Day of Women
and Girs in Science, and will
be broadcast to more than

4500 Australian school girls.
Caitlin Lewis, I7, a year 12
student and vice-captain at
John Monash Science School
in Clayton, will be attending.
“My first dream career was
to be an astronaut, so I've al-

ways wanied to go into
STEM,” she said. “I want to try
and make the world a better
place and by going into science

you learn about how the world
works and what needs to be
improved.”

She said it was daunting
that in many areas, particularly
engineering, women were still
outnumbered, but said it was
“important to try and break the
stereotypes, and try and spark
some curiosity” so women will
pursue a career in STEM.

C approach

Sue Matthews, chief execu-
tive at RWH said: “In Austra-
lia, just 20 per cent of girls are
interested in a STEM-related
career, versus 40 per cent of
boys.

“Statistics like this under-
line the importance of support-
ing, encouraging and elevating
women in science.”

alanah.frost@news.com.au
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ExpreS2 Platform Solves Tough Protein
Expression Challenges

Expreszi(m Biotechnologies specialises in solving the
toughest protein expression challenges using a tailor-
made Schneider 2 (82) system, derived from one of the
most commonly used Drosophila melanogaster (fruit

fly) cell lines.

The highly experienced scientists
at ExpreS2ion Biotechnologies
are driven by the idea that they
can solve uniquely difficult pro-
tein challenges that no one else
can. They are specialised in deve-
loping cell lines and processes
based on a non-viral Drosophila
52 cells expression system.
“Over 250 proteins have so far
been expressed by using our pro-
prietary non-viral insect cell ex-
pression system, ExpreS2. It has
demonstrated a success rate of
90% even for proteins where ot-
her systems have failed” says
Steen Klysner, PhD, CEO of Ex-
preS2Zion Biotech Holding AB
and Exprt:Szinn Biotechnologies
ApS in Harsholm, Denmark.
One of the advantages of their
system is that it’s very robust,
which means that their products
are easier to handle and more
harmonious up-stream. The sta-
ble cell lines also contribute to
higher yields and the system is
generally faster than mammalian
systems. "Our platform perfectly
supports all phases of drug disco-

L]

very, R&D and manufacturing,
he adds.

The system has been develo-
ped since 2002 and has been
commercially  available since
2010, Recently, some of the pro-
jects using the ExpreS2 platform
have entered climcal phase, In
October 2016, ExpreS<ion Bio-
technologies for instance an-
nounced that its collaboration
partner, the Jenner Institute of the
University of Oxford, initiated a
Phase I/lla clinical study to as-
sess the safety, immunogenicity,
and efficacy of the blood-stage
Plasmodium falciparum malaria
antigen RHS.1, which is produ-
ced with ExpreS2.

"In this particular case the Jen-
ner Institute faced recombinant
protein challenges which could
not be solved before they applied
our protein expression platform
ExprcSz.“ Steen Klysner com-
ments.

Process and
Production Tool
ExprcSzion Biotechnologies sell

¥

research licences to both compa-
nies and academic research labs
and they want ExpreS2 to be
identified as a process and pro-
duction tool and to enter their
customers” processes at an early
stage.

"Market wise, Europe and the
US are closest to where we are
and our most recent licence was

signed with the American com-
pany VaxInnate. However, Asia is
clearly rising and emerging as an
interesting market. In Asia, good
entry points to the individual
markets are the many fine scien-
ce parks that have been establis-
hed throughout the continent, of-
fering both state-of-the-art equip-
ment as well as good contacts.”

e

The entry point doesn’t neces-
sarily have to be a company or a
university, Organisations like the
Bill & Melinda Gates Founda-
tion, WHO and others offer
grants to companies fighting
Zika, malaria and other diseases.
“As soon as there’s an indication
relevant to what we do, we apply
for grants,” says Steen Klysner,




How Data Science is making
inroads into the Social Sciences

A degree in Social Science with exposure to technological applications and the latest trends and tools of
data analytics will allow tomorrow's youth to foray into a plethora of career opportunities

Rajlakshmi. Ghosh
S meEgTOUD.COm

L0 pursue programmas, which

aquip students whth skills that
employers demand, the shanng of
dat=s resources, callaborative acti-
vides, apd a culture of drawving
from each other's work has beco-
me all oo mmportant “An educs-
ton systemthat does not equipso-
izl sCence students with tech-
dnven applica-
bons 1s greatly Li-
mijrng their
CAIEat pro-
spects,” says Ja-

I 0 & world wherethere {5 3 nead

1 mes Abdey, as-

il || soCiate acadermic
| . director. of the
Unuversity of

London pro-

lemes Abdey grammes at the
London Scheal af
Economics (LSE). He explains,
“Tike the case of a Geography
gredusie for metance; there is &
tremendons demand for Geograp-
hicInformation Systems (GIS) ana-
Iysts who arerequired to rou-
imely de=al with large data-
5218 10 process and analy-
§8 o0  user-iocused
displays such as grap-
hice, maps and charts.
This work requires
EXIEnsIVE . knowied-
e and experience

e

¢

with GIS techniqueas, technology,
and principles, as wall as strong
praficiency with computers, inels-
ding R, Python, HTML and Micro-
goft Office software. ™

“Today, an Economics gradua-
e will he highly valued as a comp-
liance analyst, with respancibility
for ensuring that compliance has
been aciueved intemally as wzll
as externally for a company. Sumi-
larly, a graduats who i aiming Tor
public policy can conduct quanti-
tanve research using advanced
computational and data science
techniques such as maching lear-
ning (ML}, " says Abdey

While & social science degres
can get one staned on a wide array
of Carears in SCconomics, MEns-
gement, socal work,
law, academia and po-

N
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bicymalang, the key here is to have
had the relevant exposare to tech
applications and data analysis to-
ols needed forthejob, "Supenarca-
ree;y prospects, job retention, pio-
monan prospects, as well 45 & mar-
ked higher pay bracket aré & clear
advantage forpecple with the rght
technical skills, " adds Abdey,

DATA SCIENCE IN
DECISION-MAKING

One of the key challenges for dec-
sion makers and managers is to
understand what makes [or good
data science, and how the eviden-
ce from this field should be used in
evaluation and decision-making.
“Effective use of data and machi-

110

ne learning tools is crtical in ma-

king adaptive and personalized

policies that improve the standard
of living and paves way for the de-
velopment of society. If integrated
well into the policy making pro-
cess and understood wall by poli-
cymakers, data analysis has tre-
mendous potential ta lead to bet-
ter decisions Policy-makers nsta-
te departments, for INStances, can
avall data science to tackle social
issues such as traffic, mad safetry
and cnme; " saysAbdey.
“Specificdata sciencetoolslike
R and Pythaon, along with Tableau,
will do wonders for various tracks
of  SocialScience. Then there is
Deep  Leaming, &
partof the ML fami-
Iy. At a ‘deaper’ la-
vel, it halps 1o un-
derstand hisrarchi-
g5, and patems
that can help a sy-
stem to learn comp-
lex funetions
mapping the in-
puttothe output
directly from da-
ta, without de-
pending entire-
ly on human-
made features,”
says Abdey.
Hefeagls so01-
al scientists
must shed their
inartia and train

Indian focus on
data science

“The ndianed
&5 ﬂurfsyﬂmhf y
- ditionallybeen

wirmchn gingindustry.
uarﬂsm%ﬂemmntm ",
tegration of data sclence:
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have taken steps
:ﬁlﬂmasmmmum%f
tand Labour Studies
of the Tata Institute of Social
Sﬂmnﬁﬂiﬂﬁﬁlﬂmtnﬁﬁ
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themselves in data science tech-
niques because these are, ultima-
tely, languages and can be acqui-
red witha finiteamount of effort,
Moreimportantly, the datasci-
ence techniquescan helptakeths
investigation of social science I:m-t’I
@stions much deeper; hence fagi-
litate better and smoother social
decision-making,



Engineering students
develop robotic arm

It meets the basic daily requ1rements of an amputee

SPECIAL CORRESPONDENT

KOCHI :

Five engineering st:udents of
Toc H Institute of Science
and Technology at Arakun-
- nam near here have come
up with an Electromyogra-
phy (EMG) controlled pros-
thetic arm.

The students - Mereena
Baby, Aysha Zenab Kenza,
Nikitha Sajan, Lakshmi Mo-
~ han, and Sharon Alex - are
in the final year of their

B.Tech Computer Science

programme.
- A release xssued by the
college claimed that the ro-

botic arm would meet the

basic daily requirements of

an amputee, even though it

lacked advanced features.
The ' prosthetic arm is

priced at ¥2 lakh while those

with advanced features cost
anywhere between %15 lakh
to T25 lakh, which is out of
the reach of the common
man, itsdid:~ "5

The students said that the

Myo-armband interprets the

electric signals produced as

Students of Toc H Institute of Science and Tethnology. i
Arakunnam, with the Electromyography-controlled

prosthetic arm that they developed.

a result of the muscle move-

~ments and converts them in-
- to accurate hand gestures.

They are then read by a mi-

- cro-controller through a

Bluetooth dongle.

Server motors

- Based on those signals read,

an appropriate number of
server motors are rotated to

" move the prosthetic limb,

they said.

The release said that the
product could be made fas-
ter and easier by using ad-
vanced technologies such as
artificial intelligence.

The students expressed
the hope that they would get
support from investors to
take the product to users.
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' Role of science, technology
councils important: Dutta

O Three-day annual meeting begins

O MPCST Bhopal hosts it for first time

OUR STAFF REPORTER
citybhopal@fpj.co.in

The role of science and
technology councils is im-
portant in building the re-
gional ecosystem for sci-
ence technology and inno-
vation in the country, said
Debapriya Dutta.

Advisor and Head, SEED
and SSTP Division of Sci-
ence and Technology, Govt
of India, Dutta was speak-
ing on the inaugural day
of a three-day annual
meeting of the science
and technology councils
of different states at Amer
Greens hotel in the city on
Monday.

Madhya Pradesh Coun-
cil of Science and Tech-
nology (MPCST), Bhopal,
has organised the event
for the first time.

Dutta informed about
the meeting and about the
plans of DST.

“We cooperate with 29

science and technology
councils of the country

under the programme
and our plan is to encour-
age the ecosystem of sci-
ence technology and in-
novation at the state lev-
el,” he said.

He further said “We have
included 6 parameters to
catalyse science, technolo-
gy and innovation, which
are research and develop-
ment, institutional and hu-

man resource develop-
ment, innovation, techno-
logical development for so-
cio-economic develop-
ment, science communica-

tion, science based
schemes of the state.”
Director of MPCST,

Bhopal, Anil Kothari wel-
comed the heads of the in-
stitutions from other states
of the country. He said that
the meeting would be suc-
cessful in achieving its ob-

jectives as well as it will be-
come a powerful medium
to develop STI system for
science technology and in-
novation.

T Mumbai Prof B
Satish Agnihotri presided
over the event. He said
that important work was
being done for the devel-
opment of science and
technology in the country.

The annual meeting is
organised by the Depart-
ment of Science and
Technology, Government
of India every year at dif-
ferent places in the coun-
try.

It is attended by the Di-
rector General/Member
Secretary and senior sci-
entists of the Science and
Technology Councils of
the states.

During this, the expert
committee constituted
by the Ministry of Sci-
ence and Technology,
Government of India, is
reviewed by eminent sci-
entists of the country
and suggestions are
made for new activi-
ties/programmes.
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Bengaluru gets India’s
first space tech gallery

Times NEws NETWORK

Bengaluru: Imagine experiencinglivesat-
ellite launches held at Sriharikota’s Satish
Dhawan Space Centre in Bengaluru. Now
this is possible at the country’s first Space
Technology Gallery, set up at Visvesvaraya
Industrial and Technological Museum
(VITM), in collaboration with Indian Space
Research Organization (Isro).

The gallery, which is dedicated to Indi-
an space technology and its space-related
achievements, has been curated with
smaller replicas of launchpads at the Sri-
harikota launch complex and demon-
strates how rockets are used to launch sat-
ellites. It shows the actual launch se-
quence from countdown till the rocket
takes off, at the press of a button.

The gallery was inaugurated by Isro
chairman A S Kiran Kumar and chairman
of National Education Policy and Karnata-
ka Knowledge Mission K Kasturirangan,
on Tuesday. “This gallery will give students
a chance to learn about India’s achieve-
ment in space technology over the years.
And you never know when this will
push imagination of youngsters to do
something more innovative in the field,”
said Kasturirangan.

Kiran Kumar said, “Isro is trying to re-
ach outtomany peopletoimpartknowledge
about Indian space technologies. Soon,
young scientists can pick a satellite and do
research with data available with Isro.”

A special section has been dedicated to
APJ Abdul Kalam, who headed the Rohini
_satellite project at Isro. The original heat

shield — SLV 3 — used at that time has been
displayed at the gallery, said VITM director
K G Kumar. Starting from Aryabhata, In-

AIN A1TRACT IONS

NEW CHAPTER:
The space
gallery was
inaugurated by
| Isro chairman
1 ASKiran
Kumar and K
S8 Kasturirangan,
% chairman of
National
Education
a Policy
@ A peep into - @ Inner structures.
lives of Wing - and components
Commander . of satellites
Rakesh Sharma, = and rockets -
Kalpana Chawla ' e |mages of
and Sunita . Himalyan glaciers
Williams - ~ and Bengaluru
® A mission - Metro stations
|control roomto | taken from space
show how @ Real-time
satellites are - satellite feeds
launched . from Isro

dia’s first satellite, to Aditya, a satellite to
study the sun, the gallery has an interactive
display qf many Isro satellites.

Nextgallery in New Delhi
Aftersettingupthefirstone in Bengaluru,
the National Council of Science Museums
is planning the next Space Technology
Gallery in New Delhi. “We are holding
talks with Isro,” said AS Manekar, direc-
tor general, NCSM.
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Using insect cells in biotechnology for

better protein production

ExpreSZion
Biotechnologies ApS is a
contract research organi-
sation and vaccine devel-
opment company with a
development and produc-
tion platform based on $2
fruit fly cells. Its ExpreSs2
platform plays a key role
in drug discovery, R&D,
GMP manufacturing and
in human clinical trials

For a company that only started
in 2010 as a spin out of the pro-
prietary 52 protein expression
platform from the Danish compa-
ny Affitech A/S, ExpreSZion
Biotechnologies ApS is complet-
ing 2017 celebrating some key
events: a grant for development
of a Zika vaccine; agreements in-
cluding Abivax SA, Integrated
BioTherapeutics, Inc., the Uni-
versity of Pennsylvania, Institut
Virion/Serion GmbH, and In-
travacc; creation of a joint ven-
ture, AdaptVac ApS, with
NextGen Vaccines ApS: begin-
ning a Phase 2a clinical trial for a
malaria vaccine; and proof-of-
concept in animals for a prophy-
lactic breast cancer vaccine.
"ExpreS2ion Biotechnologies
erew out of our founders' exper-
tise in protein expression, pro-
duction and wvaccine develop-
ment. We started from a small
place, but we are now gaining
traction, and getting repeat busi-

ness for our services," said Bent
U. Frandsen, wvice president,
Business Development.

ExpreS2ion Biotechnologies is
built around the ExpreS2 non-vi-
ral insect cell expression system.
This is based on Drosophila cells
and provides high protein expres-
sion levels with high batch to
batch consistency. ExpreS2 is a
protein expression system that
can express proteins when other
systems fail. The company has
several arms: services, diagnos-
tics, tools for R&D, a platform
for wvaccine development with
collaborators, and finally, its own
pipeline, through a new joint ven-
ture, AdaptVac, established in
2017.

Services

ExpreSZion provides a range of
services based on its protein ex-
pression platform. These include
feasibility studies confirming
that proteins can be expressed by
the system, protein production,
process development, and the
provision of R&D reagents.
Process development starts with
a DNA sequence and moves
through cloning, screening and
expression tests, through estab-
lishment of stable cell lines and
providing production and purifi-
cation batches, to scale up and
developing GMP (good manufac-
furing practice)-compatible

processes. In December 2017,
ExpreS2ion signed a collabora-
tion agreement with the Nether-
lands-based Intravacc (the Insti-
tute for Translational Vaccinolo-
g¥ )., making Intravacc a preferred
GMP partner to Expre52ion.

"The development timeline of
applying ExpreS2 is fast, which
is advantageous because speed is
important in research. The time
from DNA to stable cell line and
material can be as little as three
weeks. Our platform has been ap-
proved for clinical applications,”
said Frandsen.

ExpreS2ion has a variety of
different partners and customers
in biotech, big pharma, medtech,
diagnostics and academia. in-
cluding Novartis, Roche and
Merck Millipore. The company
has made over 250 proteins and
virus-like particles for clients to
date, with over half targeting par-
asites and virus for use in vac-
cines. Other applications include
toll-like receptors, cytokines and
enzymes. ExpreS2ion also offers
licenses to its expression system
for use in house.

"These deals typically run for
6 or 12 months initially, but they
are often extended," said Frand-
sen.

A number of vaccines devel-
oped using ExpreS2ion's technol-
ogy platform have moved into
preclinical and clinical develop-

TIME TO UNITE A GREATER MEDICON VALLEY 13

VP Bent U. Frandsen. Photo: Louise Dyring Mbae

ment with partners and collabo-
rators, validating the company's
platform. The France-based com-
pany Abivax entered a commer-
cial license agreement to use Ex-
preS2ion's technology for its pre-
clinical ABX544 Ebola prophy-
lactic and therapeutic anti-serum
programme. ExpreS2ion is also
involved in two malaria pro-
grams, that have moved into clin-
ical trials: a blood stage malaria
vaccine candidate developed by
the University of Oxford/Jenner
institute that is presently in a
Phase 2a clinical trial; and a pla-
cental malaria vaccine candidate
presently in Phase la’/b trials in
collaboration with University of
Tiibingen and University of
Copenhagen made under an EU
FP7 grant.

Building a pipeline
through a joint venture
Established in June 2017, Adapt-

Vac, the joint venture between
ExpreS2ion and NextGen Wac-
cines, combines ExpreS2ion's
ExpreS2 platform and NextGen's
virus-like particle technology.
The lead candidate, AV00L, is a
HER-2 VLP protein using Ex-
preS2 technology for expression,
which is currently in preclinical
development for breast cancer. In
an animal model, the vaccine was
able to both prevent and treat
breast cancer.

"What makes the AdaptVac
vaccines different is that these
deliver the right protein to the
right target by using VLP tech-
nology to deliver direct to the tar-
get for a better uptake.," said
Frandsen.

AdaptVac also has a second
vaccine candidate, AV002, in the
pipeline for an undisclosed indi-
cation.
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TO BOOST PRO-DALIT CRED,
CONG-RULED STATES TO KEEP
FUNDS FOR SC/ST WELFARE &

Indian Ocean warming has
reduced rainfall, says study

Sudha.Nambudiri
@timesgroup.com

Kochi: Contradicting earlier
climate models that indicated
that land was warming faster
than the ocean, and thus
bringing more rainfall, a new
study published in journal
‘Nature Communications’ on
Tuesday suggests a signifi-
cant decreasing trend in the
Indian monsoon over central
India in the past century.

The study suggests that In-
dian Ocean warming has re-
duced rainfall in theregion by
10-20%.

“In the existing global

warming scenario, it was pro-
jected that land was warming
faster than the ocean which
meant that there would be
more rainfall in the monsoon
period. But it is not so in case
of the Indian summer mon-
soon,”’ said Roxy Mathew Koll,
scientist and lead author at
the Centrefor Climate Change
Research, Indian Institute of
Tropical Meteorology (ITTM).

At a time when a back-to-
back drought is looming, the
study points out thatmonsoon
drivers — land-sea temper-
ature difference and sea sur-
face temperatures — which
bring in rains have not be-

comestronger. The E1Nino-La
Nina imbalance, it adds, has
plaved a role in the Indian
Ocean warming.

Authors of the study used
India Meteorological Depart-
ment data from the 1870s and
data from other sources from
1901 to 2012 to run their cli-
mate model. “We found that
the rainfall is decreasing over
central South Asia — from
south of Pakistan through
central India to Bangladesh,”
Roxy said. “With this, we have
to take a relook at climate
models which suggested that
land in the region was warm-
ing faster than the ocean.”



Science is a way of
thinking much more

than it is a body of

knowledge.




“Nothing in life

1s to be feared,
it 1s only to be
understood. Now
1s the time to
understand more,
so that we may
fear less.”
—Marie Curie




Chlorine is a deadly poison gas
employed on European battlefields

in World War 1. Sodium is a corrosive

metal which burns upon contact with

water. Together they make a placid
and unpoisonous material, table salt,
Why each of these substances has l@
properties it does is a subject called

C h C mi S t r y Carl Sagan

E ——

More science quotes at Today in Science History todayvinsci.com
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metal which burns upon contact with

water. Together they make a placid
and unpoisonous material, table salt,
Why each of these substances has l@
properties it does is a subject called

C h C mi S t r y Carl Sagan
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Crystal Field Theory

Explain Crystal Field Theory

CFT
* Crystal field theory is based upon orbitals but does not go fully into all of the molecular orbitals and potential
combinations etc. (That is called Ligand Field Theory-vide supra)
*  With CFT we are just going to consider the d-orbitals and how they can interact with ligands
o d-orbitals are highly directional

* most TM compounds adopt an octahedral geometry with six ligands about the metal centre
o Overall this is a highly energetically favourable process (opposite charges attract)

Bonding in Transition Metal Complexes
*  (Crystal field theory of bonding in octahedral coordination complexes
* |n the absence of any ligands, the five d-orbitals are degenerate.
* An octahedral metal complex, [M(L)s]™, can be viewed as six negative point charges approaching a metal
cation (overall, a very stabilizing interaction).

{ i i " i
2 & "o & "o & & "o ¢
@ e 0@P¥e: o L & 9 o
9@ @
d,, iy o L dy

* |n presence of ligands, degeneracy is removed. That means the d-orbitals have different energies or they are
split
o The net result is the colouration of transition metal complexes.

Crystal Field Theory: d-Orbital Splitting
* Each ligand lone pair about the metal centre represents a negative point charge directed towards the metal
atom.
*  These ‘charges’ coulombically repel electrons in those d-orbitals closest to them, leading to destabilisation
(i.e. an increase in energy of those d-orbitals that are close)

Explain the impacts of crystal theory on the degeneracy of the d-orbitals

Construct an Orbital Diagram to show d-orbitals in an octahedral complex
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