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COGNITIVE BEHAVIOUR THERAPY - A WAY OF ADDRESSING MENTAL HEALTH PROBLEM

Dilip Kumar Guin
University B.T. & Evening College, CooBehar, Email:guindilip@gmail.com

ABSTRACT

Our society is changing very fast with the development of science and technology. We are advanc|ng in
many folds due to the advancement of science and technology, and gradually our society becoming more
complex and competitive. We are communicatinthvaur closed mas over phone,-mail, Whats app etc.
instead of face to face méwd. All these are becoming an essential part to our busy life. We are careful abhout
our physical world. But one thing which we do not consider seriously is our menttl. Wa take helps of
doctorwhile sufferingfrom physical health. But when someone suffers from mental health problem we do|not
take care of it Rather in many occasion we consider tigividual as mad. It stigmatigbe person in a wrong
way. But, itis fact, without any good mental health nobody can live peacefully in spite of having much nan
power, money etc. We are facing a great challenge to cope with the problems of mental health. Due t¢ poor
mental health development the incidence of suicidéngadrugs, rape are raising day by day. Physical health
also very much depends on good mental health. So it is essential to promote good mental health for the
development of the individual as well as the society. There are many methods and techrégigees® the
challenges. Cognitive Behaviour Therapy (CBT) is one of such important techniquepapéisattemptetb
explore the underlying principlef CBT to address the issue of mental health problem.

Key words:Cognitive Behaviour Therapy, Mental &lth

Introduction

Cognitive Behavior Therapy (CBT) is a form of psychotherapy that talks abbatv you think about
yourself, the world and other people. How your action affects your thoughts and feelings and vice versa. CBT
can help to change how we athinking ("Cognitive") and what we are doing ("Behaviour)". These changes
can help us to feel better. CBT mostly focuses on looking for waympoove mentalwellbeing of the
individual.

CBT says that it's not the event which causes our emotionsptywtvh interpret that eventwhat we think
or what meaning wegive that event or situatiofor instance, if someone you know passes you in the street
without acknowledging you, you can interpret it st ways. You might think he/sld®n't want to knowou
because naone likes you (which may lead you to feel depressed), yaurght may be that you hope he/she
don't stop to talk to you, because you won't know what to say and they'll think you're boring and stupid
(anxigy), you may think heleliberatelyavoid you (leading to anger). A healthier response might be that they
just didn't see you.

Aaron Beck developed a form of psychot herapy in tfF
therapy. o fiCognitive t her apcpghitivebse hnaovw ou s etdh es yarpg/ my m oBuesc
structured, shotterm, presenbriented psychotherapy for depression, directed tosvasmlving current
problems and modifying dysfunctional (inaccurate and/or unhelpful) thinking and behé®azk, 1964).

The Cognitive Model
Cognitive behavior therapy is based on the cognit.i
behaviors, and physiology are influenced by tipeirception of event8ased on a particular situation thought
comes to our mind andemeacibehave) according to osuchthought.In the last exampleggneone you know
passes you in therset without acknowledging you is tséuation He/Shed o n 6 W yolk beoause Rone
likes you is thethoughtbased on the situatiomnd which leal you to fell depressed ehaviar/action The
relation among situation, thought and behavimay be expressed by the arrow diagram.
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Situation/ Critical Incident YAutomatic ThoughtsY Re
A model ofrecording a sequence of events may be as
Critical incident Automatic thought Reaction
The event or situation that triggerd The thought that went through head wh/ Actions-How did you act then?
thought and feelings the activating event occurred(or after) EmotionsWhat did you feel then?

Hierarchical Organization of Thinking

Thinking or thoughts may be classified in three categodegomatic hought, Intermediate thought and
Core belief (thought). Coreeliefs influenceour intermediate thoughts amtermediate thoughts influencair
automatic thoughts.

I. Automatic Thoughts

Automatic thoughts are Immediate, first, quick thoughts that gouph our mind in response to a
situation. It is the initial thinking reactions that go on to affect emotions and behaMiisghoughtmay be
negative opositive but usually go unnoticed, only emotion noticed.

Examples:
A AShe thinks |1 6m weirdo
A A | twpms that testo

II. Intermediate Beliefs

Intermediate beliefs are formed based on core belief. It Influence théiatiref our automatic thoughts
(positive/negative) expectations and assumptions about ourselves, relationships and situations aolind u
governs the rules and guidelines we follow while behavirig.also linked withattentional priorities and biases

which influence what we notice or dondt notice and t*h
Examples:

A i Meetinge niesw spoemoeptlhi ng to avoi do

A A Always look for danger and expect it to be ther

lll. Cor e Beliefs are fundamental levélelief:
It is global, rigid ancover generalizedt represenbur underlying seHvalues and perceptions, Underlying
views of ourseles, others and the world around us.

Examples:
A A I am worthlesso
A A I am helplessbd
A i No one |l oves mebod
A A I am unsafe in the worl do

Hierarchy of Cognition

Core (unconditional) beliefs/schemas: Across situations

Underlying assumptions/conditional asutions/intermediate beliefs/attitudes/rulesi(ihen): Situational
Negative Automatic Thoughts (NATS)

Relationship of Behaviour to Automatic Thoughts

Oneds perception and thoughts are influencend by un:
leads to automatic thoughts which then influence emotion. Thus the ultimate reaction towards the situation is
the result of onedés core belief, intermedi ate belief
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Core Beliefs Ylntermediate beliefs (rules, attitudes.
Reaction (emotional, behavi@l, and physiological).

Situation Emotions (O Physical Unhelpful thoughts/ Alternative realistic What did? What |
100%) emotion images thought could do? Rerate
emotion (0-100%)
What What emotion did| What did || What went through my What is the bigger picture] What could | do
happened? | feel at that time? | notice in my| mind? Is there another way of differently?
Where? What else? How| body? Thoughts/image/memories? seeing it? What would be more
When? intense was it? Where did | feel| What am | responding to] What advice would | give effective?
With whom? it? Do I think | am being treate( someone else?
How? unfairly?

This relation indicates that if onbas wrong core belief, it affects other beliefs and thal freaction
towards the situation. For proper behawviagainst a situation we require right cognition otherwise it mislead
our behavior. In many occasiodue to our wrong perception wkeel anxiety depression and other
psychological problemsThus idenfication of our dysfunctional thought is essential felhowing proper
behaviar.

Dysfunctional thought record (DTR)

DTRs are used for a number of purposes. Early in treatment, it provide a means of recording Negative
Automatic Thoughts (NAT) associated tiwviemotional change. They provide information concerning the
content of negative automatic thoughts and offer a means by which the individual can develop an awareness of
the links between thoughts and feelings.

Cognitive Distortions

It refers to the distrtion of thought which is not right in absolute terms. It comes due to our belief system.
Such distorted thought directs our behavior that may be unpleasant to the individual. So some knowledge of
distorted thought may guide us in a better way. Someritapiotypes of cognitive distortion are as follows

I. All or nothing thinking/ Black and White Thinking:

Thinking of things in absolutelack and white categoriési ke fial way s o0, feveryo or fdAne
For example,
A if your performance falls short of pedt, you see yourself as a tdf@ilure.
A When a young woman on a diet ate a spoonf ul of [
completely. o This thought upset her so much that

Il . Overgeneralizdbn:

Taking isolated cases and using them to make wide generalizations. For example, you see a single negative
eventasanevendi ng pattern of defeat: iShe yelled at me. S
Always, Never, All of Them, Noa of them, Everybody, Nobody, All of the time, None of the time ate the
normal type of overgeneralization.

[l . Selective Abstraction:

Focusing exclusively on certainysually negative or upsetting, aspects of something while ignoring the
rest.So, you pick out a single negative detail and dwell on it exclusively while ignoring the positittéch
diverted the reality and vision beconuezrkened, like the drop of ink that discolours a beaker of water.
Example: You receive many positive comments abgour presentation to a group of associates at work, but
one of them says something mildly critical. You obsess about his reaction for days and ignore all the positive
feedback.

IV. Mind Reading:
You assume that people are reacting negatively to youn uhere is no definite evidence for this. You
assume what tlyemust be thinking about you.
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V. Magnification or minimization
It consists of perceiving a case or situation in a greater or lesser light than it truly deserves.
For exampleyou have madeasal | mi st ake and you think ités a big on
Distorted cognition is the basic source of our unhealthy and disturbed behaviour. Thus the identification of
distorted cognition and their restructuring is essential for the development of healthy mind.

Identif ying assumption and core beliefs

Down word arrow technique:

This involves encouraging clients to pursue the personal implications of a particulaninatigsial
thought. The counsell@s ks i What does that mean t boughtdowncBverl n or de
an underlying assumption or cdvelief.

For example a person telling that

Other will see that &m blushing

CounsellorWhat does it mean that others will see that you are blushing?
It means others will wonder what is wronith me

Counsellor:What will it mean if others wonder what is wrong?

Then | will be exposed

CounsellorWhat does it mean to be exposed?

It means | am weak, a less of man.

This example showthat thebasic cause of blushing is higeakness and is the core belierelated to the
situation.

Conclusion

Core beliefs play a central role in cognitive theand thusmodification of core bétfs is essential for
madification of other layers of cognition in the cognitive modg&lhealthy belief system helfie decreaséhe
weight thatan unhelpful schema carrieSome common strategies for the nifahtion of erroneous thoughts
are Socratic questioningévidence for and againsechnique,Cost and benefitinalysis,Inverted pyramid
technique andPie techniqueWe may pactice these techniques to know our actual thoughts and beliefs. While
we face mental problem, disturbance or blame others we need to restructure our thoughts and beliefs in proper
way for betterment of our behavig as behavior is the result of thoughttowards the situation.
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ABSTRACT

The experimental evidence for low temperature storage of ovarian tissue is encouraging. Althpugh
restoration of fertility with cryopreserved ovarian grafts has been successful in various animals, therg¢ are
uncertainties about the optimum use of stored ovarian tissue in humans. Auto transplantation appearq to be
promising, but the potential risk of traniting malignant cells in women with cancer is of great concern. The
maturation of primordial follicles with Xenoplantation is encouraging, but the efficacy and safety of this method
need further investigation. Furthermore, the quality of oocytes tha bagn matured in a host animal is
unknown. The development ofvitro culture systems for oocytes maturation is still in its infancy. There are
many issues to be resolved in ovarian transplantation before the full clinical use of this emerging technique.
Most of all, there is an urgent need to optimize the freeze/ thaw procedure and to find the means to grotect
grafts from ischemiaeperfusion injury. Nevertheless ovarian transplantation should to be clinically useful ffor
women at risk for premature ovamidailure. This paper deals with standardization of cryopreservation protogol
based on Murine ovarian tissue to see itodés efflicacy
Glycerol is not perfectly active in murine ovarian tissue. Ethyfelyeol having less penetrative behavior. But
Di methyl Sulfoxite (DMSO) is ideal in murine ovarian tissue cryopreservation.

Keywords: Transplantation, Cryopreservation, Antifreeze Protein, Ovarian Tissue, Cancer, fertility.

Introduction

With recent adances in clinical management of Cancer Patients, using aggressive chemotherapy and
radiotherapy, survival rates have improved for both hematological malignancies and solid tumors (Meirow,

1999 ). Survival rates increased from 50 to nearly 90% in caseafgoi nds di sease from 4 t
| ymphocytic | eukemia and from 33 to 77% for Wil mds t
of breast cancer has reached78%. (Roberts & Okatay, 2005; Wallaet.al. 2005; Ridleyet. al. 2005;

Tourngaet. al 2004).

The treatment to cure cancer is toxic to gonads. Ovarian damage and failure is a common long term side
effect of curative chemotherapy. Sterilization and early menopause in the females has great impact on patient
self esteem and qualityf éife. Amenorrhea is found in 468% of cases and the patients who enter normal
cycles may experience premature menopause as a result of depleted follicles store in the ovaries éthomson
al. 2002; Brydoyet. al.2005 ) These facts represent a serioablem for the cured patient because most of
them are young and expect a normal reproductive life ( Sonmezer & Okatay, 2004).

By cryopreserving a portion of the gonads, the patients can potentially have his/her own reserve of germ
cells, which at a latedate could be used for achieving genetic parenthood. For men in their reproductive age,
there are enormous psychological implications for the continuity of their genetic lineage, partnering and
masculinity. Semen sample could be cryopreserved as a poscaghinst lifelong sterility in cancer patients
and also for infertile men undergoing testicular biopsy.
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Fig.1. Schematic summary of Mechanisms involngatéserving Fertility Potential.

Thus men and women would benefit enormously if their gonadal biopsies are cryopreserved for future use
prior to cancer therapy. Besides cancer, other situations of gonadal insufficiencies also exist e.g., Polycystic
ovarian syndrome, primary ovarian failure, turner syndrome in females and varied reasons of infertility in
males, cases where oophorectomy is devised e.g., endometriosis, recurring breast cancer etc. would also be
benefitted by this novel approach.

Low Temperature Banking of Germ Cells

Follicles or somniferous Mature Gametes Isolated Gonadal Tissue
Tubules Primordial
Follicle \ 4 Intact Gonad
S\
in vitro growth Graft Xenograft
&
Maturation Autograft
IVF + ET Iso / Allo Graft

Fig.2. Practical & Theoretical options for Conserving Fertility by Low Temperature Banking of Germ Cells &
Gametes.

Essentidly these options involve either the growth or maturatiomitro or in vivo after transplantation or
the collection of mature oocytes and spermatozoa for cryopreservation for subsequteatfertilization and
embryo transfer i.ein vitro fertilization and Embryo transfer technology. One of the million dollar question is
the indications for fertility preservation. The imperatives and indications for fertility preservation are

High dose chemotherapy and pelvic irradiation.

Pelvic disease for examplen@8ometriosis.

Surgical extirpation of gonadal tissue.

Incipient ovarian failure for example premature menopause.
Natural ageing of the ovaries.

Preserving transgenic strains for experimental Biology.
Conservation of rare breeds of farm animals and endadgpecies.

cC

In this paper attempts are undertaken to standardization of cryopreservation protocol in Murine ovarian
tissue in UkPlanner cryofreezer and investigate efficacy different cryopreservative agents to select the ideal
one.
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Materials and Methodology
Sample collection and transpart

During experimentation, four female rats were anesthetized by xylozine & Ketamine intra peritoneal
injection is distilled water. Concentration of Xylazine is 0.16%and Ketamine 1.2%. Dose of Xylazine 16 mg/Kg
and Keamine 120 mg/Kg. The animals were scarified as per guideline of Institutional Ethical Committee. Then
the body hairs in the ventral side of the rats were wiped out with the help of electric razor. The rats were
dissected with autoclaved scissors and ovasample were transported in media M199 (containing NagHCO
370 mg, HEPE®00 mg, BSA100 mg in 10 ml. Distilled water) at room temperature.

Tissue Slicing:

The fixed tissue were then placed in sterile petriplates %€ 2ihd sectioned into-3 slices unde
stereomicroscope on stage warmer. The sections were then freeze dried and rolled for 30 mins. It is then placed
in freezing solution [Consists of15 media, 1.5(M) DMSO, 10% FCS, 0.1(M) sucrose]’ax 4

Cryofreezing:

Then the tissues under cryofreezistgrting Temperature’G and cooled at the rate ofGmin to 7C.
After this, the tissues were soaked for 10 mins. & seeded manually to touching cryotubes with forceps
prechilled in liquid nitrogen. The cooling process was continue &06v8n to-40°C in slower rate and then at
faster rate of 1U/min to-14F°C. Then the tissues were transferred to liquid nitrogen for storage.

Thawing:

Tissues were then thawed at°@7and then removed quickly. Then tissues were placed in various
petridishes with 3 mlantibiotic medium containing 1(M) of cryoprotectant and 0.1(M3ucrose for 5 mins;
0.5(M) of cryoprotectant and 0.1(M)-¢ucrose for 5 mins and 0.1(M)}ducrose for mins. Tissue was then
transferred to fresh medium for culture or could be fixed fortede microscopic studies.

Staining schedule:

Conventional haematoxylin and eosin staining was done. Rat ovarian tissue after successful dissection and
progressive dehydration weeembedded in paraffin for block preparation. This acted as control and undergoes
conventional H & E protocol of staining after preparation of thin sections in microtome. 3 rat ovaries after
incision undergo cryopreservation with PLANNERK following protocol depicted above. One of the Rat
ovary was cryopreserved in Ethylene Glycol as cryopreservative agent, next one is cryopreserved with Glycerol
as CPAs, the last ovary is cryopreserved without any cryopreservative agents but following slow cooling and
fast thawing protocol which is recommended by most of the literature.

Result

In these studies cortical ovarian biopsies was collectedif@gt incision. The biopsiesiall ovarian
section) become a source of small follicles which are less vulnerabigojoreservation as they are smaller in
size, metabolic rate is low, cells are arrested in prophase of meiosis hence no spindle, less number of support
cells, absence of zona pellucid and less amount of cold sensitive intracytoplasmic lipid.

The control ratovarian tissue(Fig.3a) primordial, primary and secondary follicles are numerous in
numbers. Graffian follicles with more or less middle position underlying ovum are clear. Large number of fat
droplets is seen in overlapping section. Ovarian tissue agepred in ethylene glycol as cryopreservative
agentqFig.3d) few numbers of ice crystals are found considerable amount of presence in intrafollicular space.
So, some amount of follicles is damaged. Cryopreserved ovarian tissue with glycerol as criyopragents
are seen irFig.3b. Most remarkable observation is amount of ice crystals in much less in comparison with
ovarian tissue cryopreserved with ethylene gly@ad.3d). But size of ice crystal is less in comparison with
Fig. 3d. Cortical tissue irgeneral is atrophied more or less. Usually recommended mode of cooling and thawing
protocol for cryopreservation by International bodies is slow cooling and fast thawing protocol. When followed
this kind of protocol. When followed this kind of protocoluafly ice crystals are formed in around graffian
follicular area(Fig.3c). Primordial follicles are drastically affected. As in this case no cryoprotective agents are
applied over here so cells are vigorously affected by cellular shrinkage. When cryogutesesrian cortical
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strips are transplanted subcutaneously transplantation of ovarian tissue at defected time intervals to study
neovascularization it is being observed that during course of time within 72 hrs. Healthy primordial follicles are
seen(Fig.4a to 4c).

3(a) 3(b)

3(d)

Fig.3: (a) Rat ovarian tissue (control) showing general histology of ovarian tissue showing all cellular architecture intact.
(b) Cryopreserved ovarian tissue with glycerol as CPA. Black iadmates healthy graffiafollicle and red arrowndicate
normal ovum going to rupture(c) Rat ovary cryopreserved using slow cooling & fast thawing protocol without
Cryopreservative agents. Black arrow indicates ice cryétQICryopreserved ovarian tissue withylene glycol as CPA.

4(b) 4(c)

24h 48h 72h

Fig.4: Histological sections of subcutaneous transplantation of ovarian tissue at different time intervals to study
neovascularization. (a) 24 hrs after subcutaneous transplantation. (b) 48 hrs. after subcutaneous transplantation..(c) 96 hrs
after subcutaneous transpition. Healthy primordial Follicle is evident by arrow.
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Discussion

One of the biggest challenges to all cancer survivors is to have their own genetic lineages. This is due to
loss of reproductive potential. In crude sense it is due to loss of gernim delth the sexes. If germ cell is
cryopreserved prior to cencer therapy in both the patients then it is possible to retain their fertility potentials
after aggressive chemo/ Radiotherapy. Because germ cell reserve can possible to utilize for future use.
Therefore, standardization of cryopreservation protocol in Indian context is the urgent tasks which would solved
by reproductive Biologists.

The first breakthrough in Assisted Reproductive Technology (ART) in form of cryobiology over 50 years
ago was theidcovery of glycerol as cryoprotective agents (CPAS). In the present study the effect of glycerol as
cryoprotective agents (CPAs) and type of cryopreservation, effect of CPA is also verified. Dimethyl Sulfoxide
(DMSO) is recommended as best cryopresereadigents as all the cellular architecture is remain more or less
intact in comparison with other CPAs. Further studies should be undertaken to develop effective strategy to
understand viability percentage before and after cryopreservation.

It is too earlyto predict how for this technology will serve the purposes of fertility preservation or the
direction of the next phase of development. Research needs to address the safety and efficiency of Assisted
Reproductive technology (ART) and may eventually endidebanking of whole organs for transplantation
with vascular reanastomosis. Full development of female and male germ edtl® iwill contribute to the
ongoing revolution in reproductive technology. Such progress in near future will certainly pnevidand
welcome options for fertility conservation in all cancer survivors.
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ABSTRACT
The ethnic communities of Paschim Medinipur district have valuable indigenoowlddge about

medicinal plants. Their traditional knowledge for curing numerous diseases is a valuable material for further
research of modern system of medicine. But now this etiedicinal knowledge of thousand years old is
under threat of rapid invasi of urban culture and change of traditional way of life style. Among ethnic people
diseases of hair and scalp li#andruff,graying of hairshair lossis commorandhead louse is a major problen
of them. They have some traditional medicines using plamtterials which are believed to solve thege
problems.Allium ascalonicumAllium cepa Citrus aruntifolia and Hibiscus rosasinensisare most frequently
used in hair and scalp problems by ethnic and other commugtestanthus collinuss considered Y ethnic
communities as most effective to prevent hair loss and to grow new Haisswvork deals with 18 such plantg
used by the different ethnic communities of Paschim Medinipur District.

Key words Paschim Medinipur, hair and scalp problems, ettmealicinal knowledge

Introduction

The district Paschim Medinipur is the second largest district of West Bengal, India. It is situated on the
extreme soutlwestern part of West Bengal, and is located in betwe&v#@"N to 213685"N latitudes and
881240"E to 863580"E longitudes. It covers an area of 9786.28 square kilometers (Anonymous, 2003)

The district is bounded in east with Purba Medinipur and Howrah districts of West Bengal, on the west
with Mayurbhanj district of Orissa and Purba Singbhustridt of Jharkhand states, on the north with Hooghly,
Bankura and Purulia districts of West Bengal and on the south with Purba Medinipur district of West Bengal
and Baleshwadistrict of Orissa state.

The population of ethnic people in Paschim Medinigistrict is about 17.55 % of total population, which
is largest in West Bengal (Hansda, 2004). Most of them are forest inhabitant and populated in the western forest
region. Total number of scheduled tribes in this district is 37 (Maatdall 2002). Maja ethnic communities
are Santals, Bhumijs, Mundas, Savars, Koras and Lodhas.

The district is rich in plant diversity also. Many wild plant species are under threat of increasing human
population.

The ethnic communities of the district have valuable ti@il ethnemedicinal knowledge of their own.
Their traditional knowledge for curing numerous diseases (of both human and veterinary) is invaluable to
strengthen modern system of medicine. But this indigenous knowledge of thousand years old is also under
threat of rapid invasion of urban culture. Their traditional way of life style is also changed rapidly.

Earlier works on ethnanedicinal plants of this area were done by Chaudhuri and Pal (1975), Chaudhuri
and Pal (1976), Pal (1988), Pal and Jain (19898),95hosh (2003Raria (2005), De and Bhattacharya (2005),
De (2013), De (2015); medicinal plants of the adjacent areas of the district was explored by a number of
workers such as Bodding (1925, 1927, 19408jti and Manna (2000 hakrabortyet al (2003), Chakraborty
(2006), Chakraborty and Bhattacharjee (200&)y and De (2011).

Both the traditional knowledge and its plant (and animal also) materials are under threat of extinction. So
the written documentation of this indigenous knowledge is very meebed.
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Materials and Methods

Some plants are believed to have useful against hair and scalp prollethsiccommunities of Paschim
Medinipur district. Medicinal formulations using these plant materials apply externally on the affected areas. No
oral administration is observed for this purpoBkis paper deals with 19 such plants used by the different
ethnic communities of the district. Field studies in this regard were done by the followingntesigiction with
various tribal people for prelimary information about medicinal plants useful against hair and scalp problems.

i) Consultation with medical practitioners among tribal communities who regularly practice their
traditional medicine.

i) Consultation with different ethnic groups like Santals, &as) Lodhas etc. of the field area to
confirm the medicinal property of individual plant used against hair and scalp problems.

iii) Plant specimens were identified following available literatures (i.e. Prain, 1903; Haines, 1921

1925; Mooney, 1948).
iv) Ethnobotanical enumeration method as proposed by Jain (1995) and Jain and Mudgali$1999)
followed in this field study with some necessary modifications.
V) Herbarium specimens are deposited in herbarium of Department of Botany, Government General
Degree College, Mmonpur.
19 plant species under 17 genera and 14 families are found to be used against hair and scalp problems by field
study. These plants are arranged alphabetically by their botanical name, family, accession number, vernacular
name, along with their trétibnal medicinal formulation/s.
List of abbreviations:B-Bangla; EEnglish; KKurmali; L-Lodha; M-Mundari; SSantali;Syn-Synonym.

Results and Discussion
During the survey a number of unique and interesting ethedicinal formulations were observeada
recorded. The detailed description of the same is enumerated below:

1. Allium ascalonicum L. [Liliaceae] RPD-44
Vernacularname:Ch anc hi PShallgt,Bmall prioh (5:

1. Bhumijsapply small onion juice with honey externally beadand nassage in hair loss or white hairs.
Honey sometimes excluded.

2. Someethnic communities mix small onion juice with leaf juice @kistanthus collinugnd lime juice
(about 3:5:2) and apply it externally on scalp to prevent hair loss and to grow imewNeav pice is prepared
after 1 month.

2. Allium cepa L. [Liliaceae] RPEB4
Vernacularname:Pi y Uj , PniyUj, PneyUj (B); Onion (E)

1. Bhumijsapply onionjuice with honey externally oheadand massage in hair loss or white hairs. Honey
sometimes excluded.

2. Someethnic communities mix onion juice with leaf juice Gfeistanthus collinusard lime juice (about
3:5:2) and apply it externally on scalp to prevent hair loss and to grow new hairs. New juice is prepared after 1
month.

(Ethnic communities prefekllium ascalonicuninstead ofAllium cepa.

3. Annona squamosa L. [Annonaceae] RP1
Vernacular name:tit U, MUdUr , Me dQustard Spld BEYt p MEHdU( BY K, : M) ; MUOdUr
1. Ethnic communities apply leaf juice external on head and then cover with a cloth to kill lic& dary2.
2. Mundasprepare ash by burning dried fruits, mix thteh gowder with coconut oil and apply externally on
head to kill lice.

4. Azadirachta indicaA. juss. [Meliaceae] RPD26
Vernacular name:Nim (B); Neem (E}:
1. Lodhas, Bhumijs and other ethnic communities apply flower paste externally on heaubve liee.
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5. Citrus aruntifolia (Christon.) Sw. [Rutaceae] RPB29

VernacularnameK Ugj i | ebu, PUOti 1 ebu, KUgji nebu, PUti nebu
1. Santals apply fresh fruit juice on head to cure dandKliugk), once in a day preferably half an hour

before bathing, up to cure
2. Someethnic communities mix lime juice with leafige of Cleistanthus collinusind small onion juice (in

about 2:5:3) and apply it externally on scalp to prevent hair loss and grow new hairs. New juice is prepared after

1 month. Onion juice sometimes used when small onion is not available.

6. Cleistantlus collinus(Roxb.) Benth.ex Hook. f. [Euphorbiaceae] RPB33
Vernacular nameP ar h Us i (L, S)

1. Some ethnic communities mix leaf juice with small onion juice and lime juice (in about 5:3:2) and apply it
externally on scalp to prevent hair loss and grow new hairs. Fresh juice is prepared after 1 month. Onion juice is
used whenmall onion is not available.

7. Clerodendrum viscosurenten. [Verbenaceae] RPER7
VernacularnameGhent u ,BBetlnlni ,BBhBhOKkKWOBn, HUOUnrhujiki (S)
1. Mundasapply leaf juice externally on head to kill lice.

8. Cynodon dactylon (Lin.) Pers. [Poaceae] RP39

VernacularnameDur b U ( B) ; Bermuda grass :(E); Dhup ghUs (M);
1. Bhumijs extract juice from 26B50g fresh leafy twigs, mix it with equal amount of juice Exflipta

prostrata boil the mixture with 50g coconutlpiand apply it after sieving and cooling externally on head to

stop hair loss, graying of hairs and for strong hair roots.

9. Datura innoxiaMill. [Solanaceae] RPDB42

VernacularnameKr i shna dhutur U, Kalpol ed h(uB)r;U HéBnde TdhlbortnOr Uo (
1. Kurmis prescribe flower paste mixed with any vegetable oil which is used as hair oil externally on head and

bath after 1 hour without soap to prevent hair loss and dandruff. Sometimes petal pditsanfs rosa

sinensiss mixed with it.

10. Datura stramonium Linn. [Solanaceae] RP128

VernacularnameDhut ur O, Shwet dhutur thppSled J Edh utPuornd h( B)Go t Throl
1. Kurmis prescribe flower paste mixed with any vegetable oil which is used as hair oil externally on head and

dry it for 1 hour to prevent hair loss and dandruff. Sometimes petal paklibistus rosasinensisis mixed

with it. Soap is prohibited.

11. Eclipta prostrata (L.) L. Syn. E. alba (L.) HasskAsteraceae] RPEB2
Vernacular name:Keshut, Keshuti, Keshth a LOu Keshattha (B); Mar sh dai sy
Keshar (S)

1. Bhumijs and Kurmis and other communities apply leaf paste externally on hair and retainrdtHouts,
then wash without soap for black and strong hairs and to prevembssir

2. Bhumijs extract juice from 26850g leaves, add equal amount of juiceCghodon dactylomwith it, boll
the mixture with coconut oil (50g) and apply it after sieving and cooling externally on head to stop hair loss,
prevent greying of hairs drfor strong hair roots.

12. Ficus benghalensis L. [Moraceae] RPLB
Vernacular name:Bat, Barh (B); Banyan treg( E) ; Barhe dUre (S)

1. Lodhas prescribe ash obtained after burning of dry leaves, mixed with coconut oil externally on head in
dandruff Khushk).
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13. Hibiscus rosssinensis L. [Malvaceae] RP{38
Vernacular name:J a KBJ; China-rose (E)
1. Santals prescribe fresh lgaice on head to prevent hair loss.
2. Bhumijs mix leaf juice with any vegetative oil (usually coconut oil or any oil used by the patient as hair oil)
and prescribe it externally on hair before bath for black hair and pchsio loss.
3. Santals and other communities use juice of flowers or flower buds on the head to prevent hair loss.
4. Kurmis prescribe petal paste mixed with flower pastBatfira spp. and any vegetative oil which is used
as hair oil externallpn head and dry it for 1 hour, then bath without soap to prevent hair loss and dandruff.

14. Jatropha curcas Linn. [Euphorbiaceae] RRBO
VernacularnameBUg bherend0, SUdU bherendU, sSUdUO gUbjUrhU0 (B
bhendr 0O (8S)

1. Bhumijs prescribe latex externally on head of children to prevent hair loss.

15. Moringa oleifera Lamk. [Moringaceae] RPI31
VernacularnamesSaj i nOUDfB)M stick tree (E); :Sall U (M); Mungoo,
1. Bhumijs apply leaf juicexternally on head in dandruff.

16. Ocimum tenuiflorum L. Syn. O. sanctum L. [Lamiaceae] RFJ
Vernacular name:Tulsi (B); Sacred basil (E); Tursi (S)
1. Ethnic communities apply crushed leaves (Y2 cup) externally on scalp for the tredtdesmtraff (Khuski).

17. Piper betel Linn. [Piperaceae] RRB5
Vernacularname:PUn ( B) ; (Betel vine

1. Ethnic communities apply leaf juice externally on head and then cover with a cloth to kill lice§ tay3.
Crushed leaves are also used.

18. Sapindus emerginatus Vahl. [Sapindaceae] RFED

Vernacularname:Ri t hU ( B)
1. Ethnic and other communities use fruit juice mixed with water externally on head as hair tonic for black and
strong hairs, and to reduce hair loss, once in a day-@otdys.

19. Wedelia chinensis (Osbeck) MerrilByn. W. calendwdcea Less [Asteraceae] RPEb
VernacularnameBhr i ngar Uj (B)@E: Chinese wedel i a
1. Ethnic communities apply leaf paste externally on head to remove head louse.

Conclusion

19 plant species under 17 genera and 14 families are found to be used agaiast Iscalp problems.
Dandruff, graying of hairshair loss andead louse are major problems of hair and scalp. A number of-ethno
medicinal formulations are observed among different ethnic communities for treatment against these problems.
7 plant specie are found to be used against dandruff, theseCares aurantifolia, Datura innoxia, Datura
Strmonium, Ficus benghalensis, Hibiscus rsseensis, Moringa oleiferaand Ocimum sanctum6 plant
species, hamelgnnona squamosa, Azadirachta indica, Clerattem viscosum, Ocimum sanctum, Piper betel
andWedelia calendulacea argsed to kill hair lice. They apply juice or paste of plant pexternally on head.
Oral administration for this purpose is not observ&itrus aruntifolia Eclipta prostrataand Hibiscus rosa
sinensisare most frequently used in hair and scalp probl€teistanthus collinuss considered most effective
to prevent hair loss and to grow new hairs.
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ABSTRACT

The design and synthesis of ligand systemslslEpof accommodating two or more metal centers in close
proximity and in predetermined spatial arrangements is an active area of research. The present paper describes
the design and synthesis of multidentate pyridyl containing azo based bridging libamaight the metal
mediated EN bond formation processes. The ligand was synthesized by the oxidative fusicanohd®
pyridine, one of the isomer of amino pyridines, to coordinat@thehylazo pyridine (pap) ligand. The ligand
upon deprotonation acts as potential binucleating ligands for different transitional metal ions. The
coordination chemistry of these transformed ligands in general displays rich spectral and redox propefties,
which originate from strong delocalization of electronic charge alondighed backbone. We have studied
extensive study of coordination chemistry of this ligands with group metavinrisi(ll), Pd(ll), Pt(ll), group
12 metal ions in particular'd metal ionsviz. Zn(ll), Cd(l1), Hg(ll) and In(lll) and group 11 metal ionéz.
Cu(ll). The chemistry of this complexes are of current interest, not only due to their structural parts but glso
displayed interesting spectral, magnetic, redox and catalytic reactivity that primarily originated due to |the
interactions between diffené metal centers. The present paper describes interesting properties of transition
metal complexes which have wide important applications in material and redox chemistry.

Keywords:1. Multidentate Ndonor bridging ligands 2. Metal mediatedXCbond form&bn process 3.
Coordination Chemistry

Introduction
The synthesis and characterization of the tridentate nitrogen donor ligand, (HHL'= 2-[2-
(pyridylamino)phenylazo]pyridine) was dowé cobalt promote C-N bond formation reaction through the
regiosdective aromatic ring amination of the coordinatedpBenylazo) pyridine (pap) ligand. . The ligand'HL
readily loses its proton upon deprotonation and the conjugate baseoftrdinates as a bischelating tridentate
nitrogen donor ligand (Scheme 1).

Scheme 1
Pictorial representation of HL
T 1
/" W H / W / W
— + — + —
— +H — +HY =
oL HL® Ly

HL! = 2-[2-(pyridylamino)phenylazo]pyridine

Coordination chemistry of this ligand is vast not only from their structural part but also from the spectroscopic
properties also. The coordination chemistf/the newly synthesized ligands show interessitrgctural, redox & magnetic
property which were not possible to synthesize such type of tricoordinated ligands having no pyridyl ring during the fusion
reaction. The present paper describes the syntheses, structure and spectroscopic property ebdabedazo
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pyridyl containing ligands with & metal ionsviz. In(lll), Zn(Il), Cd(ll) & Hg(ll) and detailed chemistry of
binuclear Cg complexes.

Results and Discussion
A. The Ligand, HL* ( HL*= 2-[2-(pyridylamino)phenylazo]pyridine:

Recently we have reped synthesis and characterization of the bridging liganti Mie briefly describke
here its synthesis and properties. Synthefsibe ligand HL involves cobalt promoted regioselective amination
reaction at coordinated-(phenylazo)pyridine (pap) ligand’he brown cationic comple}Co" (pap)](ClO.),
reacted with molten -2minopyridine (HNPy) on a steam bath to produce a bis chelated green cobalt (llI)
complex, [Cd'(LY),]CIO4 (1) (Scheme 2).
Scheme 2
Regioselective aromatic ring amination reacttoncoordinared 2 (phenylazo)pyridine

HoN-Py o L
[Co"(pap)s)(CIO,)2 — [Co™(L)2)(CIO,)
100°C green
1
— . / \N
\__7 — n N=
pap = N=N HLY = N=N N N/
2-(phenylazo)pyridine 2-[2-(pyridylamino)phenylazo)pyridine

The cationic cobalt complex, was isolated as its perchlorate salt and the free ligandwdk isolated
from the green cobalt(Ill) complex, [Co{l](CIO,) (1) by subsequent reduction of £€e Cd" state bydilute
hydrazine hydrate followed by removal of the metal ion as CoS using ammonium polysulphide as precipitating
reagent. The chemical reaction is presented in ScBeme
Scheme3
Isolation of ligand, HE

N,H (NH,)»S
[Co"(L)s]" —2 » [CO'(L)] ——"» W'+ CoSy
green brown orange The crude
1 ligand was

purified finally on a silta gel preparative TLC plate. A major orangglow band was eluted with toluene
chloroform (1:2) mixture. Upon evaporation of the solvent, crystalline orandemes obtained in 80% yield.
The ligand is a weak acid with pKa = 8.®.1

B. The Di-zinc Conplex [Zn,Cl,LY] (2)
i) The Synthetic Reaction of Zn@lith HL* [HL* = NH,CsN=NCgHsN(H)CsH.N]

The reaction of ZnGlwith equimolar quantity of HLin presence of dilute NE&s a base in
methanol at room temperature (298K) produced an intense bluéosolutUpon slow evaporation of the
reaction mixture, dark crystals of azihc(ll) compound of molecular formula [Z8l,L",] (2) was obtained in
a moderate yieldc. 50%) (equation i)In this complex conjugate base of ligand ‘Hiinds as a normal
coordnation mode of bridging ligand.

Reaction of ZnGlwith HL*

1 MeOH i
2ZnCl, + 2HL —— > [Zn,CloLy] e i)
dil. NEt3 2

B. The Indium(Ill) Complex [InCl5(HL Y] (3)
(i) The Synthetic Reaction of In&l14,® with HL* [HL* = NH,CsN=NCsH,N(H)CsH4N]

The 1:1 reaction of InGA 4,® with HL" in acetonitrile at room temperature (298K) prodiceahn ink
blue solution. In an attempt to isolate the indium complex, a solution birticetonitrile was added sloydo
a hydrated chloride salt, Ingl 4@ dissolved in minimum water. The mixture immediately becameboié
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and finally the dark crystalline complex of formula, [IBEILY)] (3) was obtained through the slow evaporation
of the solution of the compoundduation ii).
Reaction of INCbAH,0 with HL*
CH3;CN .
InCly 4H,0 +  HL' S e [INClgHLY] e (ii)

3
The complex3 is sparingly soluble in acetonitrile. In this compound the ligand ¢diordinates as a tridentate

ligand using one pyridyl, azo and deprotonated secondary amine nitrogen atoms. The sédghnditpygen

of amino pyridyl function remains unuse@hus the coordination mode of the ligand, in the case of
indium(lll), is different than that observed in thezic complex,2. In the dizinc compound the anionic

ligand [LY] coordinates to one zinatom as a tridentate ligand using one pyridyl, azo and the deprotonated
secondary amine nitrogen atoms. The second pyridyl nitrogen of amino pyridyl function binds to a second zinc
atom.lt is believed that lability of the starting mateTia crucial br the dimerization process (Scheme 4).

Scheme 4

Dimer vs. monomer

2+
N cl N N/4\N3/\N2—|
o, + oy el \ZH'/ c < \znn/ \Zn”/ >
nCl, —
NZ/ \NS . dimerization 2/ \ , 4/ \ )
N N N N N
v ~ v\/
labile Zn" -intermediate Zn, - dimer
¢ S
InClg: 4H,0 + HL! W» >||””|/ —_— no further reaction
£ Na
NC/N\/N\H

inert In"' - complex

IN* = N(py), N? = N(azo), N° = N(amide), N* = N(py)]

In the case of In(lll) salt, because of its high charge, the coordinated chlorides are not labile and hence
dimerization was not possible; the dangling pyridyl nitrogen of ampimalyl function in this case is protonated
to produce a molecular, zwitterionic compound. In contrast the corresponding zinc{Jpsalte other hand, is
labile and forms a five coordinate intermediate, which undergoes further dimerization usiegdkeetpyridyl
nitrogen atom to produce a pert@ordinate dizinc complex.

i) 'H NMR Spectra
'H NMR spectra of mononuclear indium complex were obtained igOBD Thespectra3 are displayed in
Figure 1.

()

(b)

A

T v T T T '
10.0 9.5 9.0 8.5 8.0 7.5 7.0
S/ ppm

Fig. 1: *H NMR spectrum of JgInCl; (HLY)] (3) and (b) HLYin CDsCN.
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The indium complex showed the absence el Kesonance, which appearedla0 . i6 fred ligand, HL.
However, a new broad resonance at 8. @ppeared in the complex This may be assigned to a pyridytHN
resonance!H NMR spectrum of3 was complex in nature due to serious overlap of the unique proton
resonances and these ltbnot be assigned individually. The pyridyl and aromatic proton resonances appeared
in the region (8.57.9)d and (7.7#7.2)d, respectively.

D. (i) The Synthetic Reaction of Cd@M,0 and HgCh with HL* ( HL*= 2-[2-
(pyridylamino)phenylao]pyridine)

The metal salts MG(M= Cd and Hg) react almost instantaneously with an equimolar quantity binHL
presence of dilute NE&s a base at room temperature (298K) in methanol to produmetdilic complexes of
formula [M,Cl,L,] in good yield (60%) équationi) (Scheme 5). There were distinct colour changes from
orange (free [1]) to ink-blue [M,Cl,L%] in both cases. In an attempt to isolate the present complexes, a
solution of []" in methanol was added slowly to hydrated metal saltsollied in minimum water. The
mixture immediately became iflue in both cases and finally the dark crystalline molecular complexes of
formula [M,Cl,L*;] were obtained throudh® the slow diffusion of the toluene into the dichloromethane
solution of the ompound.

Scheme 5
Reaction of CdGH,0 and HgC} with HL*
MeOH .
2MCl, + 2HL! dilé—NEt3> MoCloLtseeennnns 0]
M = cd", Hg"

(i) NMR Spectra
'H NMR spectra of dcadmium and dimercury complex were obtained in CQCThe spectra oft is
displayed inFigures 2

(i) [Cd,ClLY)] (4):

'H NMR spectrum of the dicadmium coreplshowed all twelve resonances of coordinated anionic ligand
[LY]". There was no MH resonanc® in the '"H NMR spectrum of4. The absence of N resonance it
indicates that the ligand is coordinated to the metaliarthe deprotonation of the secongamine proton.
The spectrum revealed that the two ligands in the dicadmium complex are magnetically eqtitfalent,
indicating the presence of twold symmetry axis and each kind of proton of the coordinated anionic ligand
[L'] gave rise to one signalhe twopyridyl protons® viz. 6-H and 3H resonated as two doublets at 8.52 and
7.51d, respectively. The signals due tdH5and 4H were triplet appeared at 7.26 and 7d7/8espectively. The
four-phenyl protons resonated in the region (¥5380) .d~a example, two phenyl protonsz 12-H and 9H
resonate as two doublet at 7.33 and H8Bespectively. Similarly, H and 16H appeared as triplet at 6.44
and 6.2 respectively. The pyridyl proton signals due teHand 18H were doublet and 1B and 17#H was
triplet. They resonated at 8.527 . 7478and 7.2(d, respectively.

Solvent

g %W&\ﬁ_,MML, -

r T T T T T T T

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5
3 /ppm

Fig. 2. H NMR spectrum g€d,Cl,L%;] (4) in CDCl,.
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(i) [Hg,Cl,L*,A.5H,0] (5):

While the room temperature (298K NMR spectrum of dcadmium complex showersolved but in
contrast the'H NMR spectrum of dimercury complex at 298K showed broad spectrum, the phenyl proton
resonances were particularly broad. To gain some idea about the reason for broading of NMR spectrum in the
present dimercury complex, lowemperature NMR was studied. It was observed that the spectrum became
relatively sharp at subnormal temperatures (<250K). Broad natui¢ MR spectra of Hg(IH complexes
may possibly due to their inherent nature of undergoing rapid exchange in solitfothe coordinated
ligands'’ With decrease of temperature the exchange process becomes slow and a sharp spectrum is observed at
a low temperature. Like the -dadmium complex, MH resonance was absent in compindicating the
presence of conjugateade, [!] in the complex. Thepyridyl protons,viz. 6-H and 3H resonated as two
doublet resonances at 8.68 and ®4&espectively. The signals due tdH5and 4H were triplet and appeared at
7.83 and 7.28l, respectively. The foyphenyl protons resonated in the region (¥5328) .Between them two
signals (12H and 9H) appeared as two doublet at 7.32 and Sl 5&spectively. The rest twphenyl protons
(12-H and 16H) resonated as triplet at 6.33 and 6d22espectively. The signals due to-#516-H, 17-H and
18-H appeared in the range (7-83L1)d .

E. Electronic Spectra of t- metal complexes

While the indium complex is soluble in acetonitrile the-zinc, dicadmium and dmercury complex, on
the other hand, is freely soluble in Apalar solvents such as dichloromethane, chloroform. All the complexes
produced inkblue solution. Their UWisible spectra wersimilar with a strong absorption band near 600 nm.
In addition, there were multiple transitions in the high energyreyion. Notably, the lowest energy transition
of free [LY]” which appeared at 450 nm was&ifted considerably toa. 600 nm in both @mplexes. We wish
to note here that the blue colour of the coordinated ligand/[IH]") appears to be unique fot’amnetal ions.
The presence of the pyridyl nitrogen is found to be essential for the formation and stabilization of the present
complexes. Br example, if a phenyl group replaces the bridging pyridyl group, no stable compound of either of
the above metal ions could be isolated. Furthermore, deprotonation of Hh&)] (3) led to decomposition of
the product. All these points indicate thateiactions between the pyridyl nitrogen and a lewis acid are
important for the formation of these blue complexes Bfmietal ions.Thus the low energy visible range
electronic transitions in the present complexes may best be ascribed alganiap - ~ transitions.
Modification of the properties of ligand orbitals in the present systems is due to increased planarity and
conjugation of the ligand framewotk® Such intensely coloured ®metal complexes are rare in the
literature?®?? Moreover, the pesent ligand system may be useful for the detection and extraction of the toxic
metal ions such as Cd(ll) and Hg(ll).

F. ()The Synthetic Reaction of Cuw&H,0 (X = Cl, CIQ) with HL and HL* (HL = 2
[(arylamino)phenylazo]pyridine; HL: = 2-[2-(pyridylamino)phenylazo]pyridine)

The ligandsviz. HL and HL! were synthesizédy regioselectiveortho-amine fusion reactions of primary
aromatic monoamines on cobalt(ll) coordinateghBenylazo)pyridine ligand (Scheme 6).

Scheme 6
Syhtheses of Ligand
NH4)2Sy
Comama® — AN o jcomyr N | ooy MRS s cosy,
brown green brown orange
Ar HL
o
= = H
N=N N=N N— Ar

® S <5 W

HL
2-(phenylazo)pyridine (pap) 2-[(arylamino)phenylazo]pyridine
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The reation of hydrated CuGRH,O with an equimolar quantity of the HL in presence of dilute;N&ta
base in methanol at room temperature (298K) produced mononuclear copper(ll) complexes of chemical
composition [CuCIL] 6) in good yield (80%). There was distinct colour change freth (free [L]) to green
complexes6. A similar reaction of hydrated Cu@H,O with equimolar quantity of the deprotonated][L
under an identical experimental condition was performed for a comparison. We wish to reiterate here that a
phenyl group in [ replaces a-pyridyl group of [L}]". The reaction of CugRH,O with an equimolar quantity
of HL* in presence of dilute NE&s a base in methanol produced a molecul@opper complex having the
composition [CuCl,.LY,Ad,0] (7) in a high yield (80%). Bsides it, a similar reaction of the hydrated cupric salt,
Cu(CIO,),AH,0 with an equimolar quantity of the deprotonated ligang [ib methanol produced a cationic
di-copper complex [C4OH,)(CIO,)L%](CIO,) (8) in a high yield (75%). There were distinmlour changes
from orange (free [1]) to skyblue in both cases. The chemical reactions concerning us here are presented in
Scheme 7 for comparison.

Scheme 7
Chemical reaction

/
HL N— Cu

MeOH
dil. NEtg

CuXy NHO
0/+1

di-metallic

9 and 10

[X=Y =Clfor8and9; X=CIO,4, Y= OH, for 10 ]

(i) ESIMS Measurement

The spectral data of ESIMS amurements of all the copper(ll) complexes have been found to be strong
support in favour of the formulation of the complexes. The positive ion ESI mass spectra of the coniplexes
6, 7 and8 were recorded in dichloromethane and very clear spectra Wwaamed in each case. Interestingly, all
the mononuclear copper complexésa;c showedan intense peak at m/z 337, 351 and 383 amu, respectively,
which is assigned to [M X]*, where M and X represent the molecule and, @spectively. The diuclear
copper complexesyiz. 7and8 on the other hand, showed a peak at m/z 711 and 775 amu, which are assigned to
[MCI]* and [M-CIO,4]*, respectivelyn all cases the experimental isotopic distributions for the molecular ion
corresponded with the simulated patt Besides these there were many weak daughter peaks, which may be
due to fragmentation or unknown combination of fragmented ions. Thus the ESIMS data provide the evidence
for the integrity of the complexes also in solution.

(iii) Magnetic Properties
Room temperature (298K) magnetic studies of all the mononuclear copper compldalisin the
rangel.68l.7 2 g thmt are very close to the spamly valuel . 7z3or arsingle unpaired electron.
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Variabletemperature magnetic susceptibility data for the complemeasured at temperature ranging from
2.0 to 300 K, showed very weak antiferromagnetic behaviomFhe curve it was observed that thel value
is 0.91 cm K mol™ at room temperature and it decreases gradually with lowering of temperature, TThe
0.91 cni K mol™* at 300 K is higher than the spimly valuec,,T = 0.75 cmi K mol™ for the uncorreited two
Cu' (S= 1/2) with g = 2.00. Such a highy T value has been reportédor other dinuclear copper(ll) complex
such as [Cu(t-bupyu(N3)-](ClO,4), where tbupy stands fordert-butylpyridine. The temperature dependence of
cnT indicates that two Clions are coupled antiferromagneticaflythrough the bridging ligands. The
susceptibility data were fitted by the following expression detfieg Bleany and Bowers.

B 2Ng®b?
kKT[3+expF J/KT)]

Wher e, N i s AvntheaBoohr magsetomanankoBaitza n 6 s ¢ o n s fiting ¢urve was good
obtained for the following parameters: 31=04 cnt, g = 2.04.

Variabletemperature magnetic susceptibility of the com@exas measured at temperature ranging from
2.0 to 300 K. At room temperatu,T is equalto 0.82 cmi K mol™ (300K). This value at room temperature is
higher than the spionly valuec,T = 0.75 cmi K mol™ for the uncorrelated two GyS= 1/2) with g = 2.00
andc,T is almost constant until 100 K. On further cooliagl increases rapidly @hreaches a maximum at 5.0
K. The ¢,T data of temperature range from 10 to 300 K were fitted by the same Bleany and Bowers
expressioff used for the compleX. A goodHitting curve was obtained for the following parameters: J = 4.3
cm?, g = 2.08. The smhpositive J value indicates a weak ferromagr@toupling between the two copper(ll)
ions at low temperature.

(iv) Redox Properties

The redox properties of all the copper(ll) complexe®, were studied by cyclic voltammetry (CV) in
dichloromethane seént using a platinumvorking electrode. The complexés and 7 displayed multiple
irreversible, quasireversible -flature responses. For example, all the mononuclear copper(ll) compexes,
showed one irreversible anodic responseaat0.80 V. It also sbwed two irreversible cathodic responses,
which appeared ata. -0.50 andi 1.0 V, respectively. Like comple® complex7 showed one irreversible
response at-0.11 V. In contrast, the complé on the other hand, displayed two closely spacedetawtron
reversible responses at +0.06 V afd05 V. The separation between the f@duction processes is small, and
the differential pulse voltammetry (DPV) was performed to identify the two successive steps .This reversible
couple was further characterized ky= i,; DE, = 110 mV and J vs. V' was constant Constant potential
electrolysis of8 was performed at 0.4V, which confirmed an overall twelectron transfer for the above
response. So the two redd% processes are assigned as follows:

cu'cd' = cd'cd = cdcd

Since the couple, under consideration, is electrochemically reversible, the starting compounds and the
reduced species are dily to have very similar gross structure. This was confirmed by the fact that the reduced
species, generated in solution, gave rise to response at exactly the same potential when subjected to anodic scan
setting the potential 200 mV more positive than Bygof the parent compound. The reference ligand has a
unique combination of hard and soft donor sites and is known to stabilize variable states of different metal ions.
Moreover, the lability of the fifth coordinating ligands,®and CIQ) in 8 is believed to be also a key factor
for the electrochemical reversibility. For comparison, the cyclic voltammetry ofatdle dimetallic complex
7 under an identical experimental condition showed irreversible responses. Since the processes are
electrochemicallyreversible, the constant potential electrolysis was performéfl.4V to produce greer8[*
solution. B]* (green solution) regenerated to parent compBexsky-blue) almost quantitatively upon
electrolysis at 0.35V.
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(v) Catalytic Properties

Electochemical reversibility of the comple& persuaded us to examine its catalytic properties. The
compound react$’ with L-ascorbic acid (bA) in aqueous methanol instantaneously to form a browwiislet
solution presumably due to the formation of coppesflecies. The colour of the solution is stable in an inert
atmosphere but regenerates the parent confplguantitatively upon exposure to air. The above catalytic
reaction was thus followed spectrophotometrically using air saturated solvent mixturestingly, the
catalytic cycle is most effective up toAd8 molar ratio of 20:1 with quantitative regeneratiorBofrhe overall
rates of regeneration of the parent com@exere measured with 44/8 molar ratio of 10:1, 15:1 and 20:1 and
the observedates are 5.75, 4.79 and 2.87'#4, respectively. In contrast, the complex@and 7 both react
with H,A irreversibly to produce brown solutions of unknown compositimis the transient violet
intermediates. The above catalytic process involvngonsited of several steps that primarily include
reduction of8 by L-ascorbic acid and reoxidation of copper(l) species by aerial oxygen. Catalytic &ctiify
copper(ll) complexes towards oxidation of potential-téductant kascorbic acid is of curreiterest for the
construction of possible models for copper enzymes.

Conclusion

In this paper we have successfully demonstrated how rational design of a ligand system can bring about
monometallic to dimetallic transition. These four metal ions form-ilke complexes. Diand polymetallic
cadmium and mercury complexes are mostly obtained using chalcogenide as the bridging ligand. However,
such examples involving extended organic ligand with bridging nitrogen atoms are rare. Moreover, the present
work provdes an opportunity to compare and contrast the chemistry of all three-teauptal ions involving
the polydentate nitrogen donor, HLONn the other hand, In the present cupric complexes;cogalent
hydrogen bonding interactions were observed in manad dicopper systems. Furthermore, redox behavior of
the labile Cy- complex, 8 is noteworthy, itcatalyses aerial oxidation of-dscorbic acidwhich has bie
relevance. Moreover, these systems may be useful in extracting further insights into biocGegriicaed @
activation processes.
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ABSTRACT

A systematic study of structural and thermal properties of Cu @adsubstitutedNisgMn Sy
ferromagnetic shape memory alloys synthesized by arc melting method has been reported in this york.
Basically, change in free energpQ), enthalpy &E) and entropy DS) at thefirst order structural transition
from a high symmetric austenitic phase to a low symmetric martensitic phagk off-stoichiometricHeusler
alloys with compositionsNiseMnssSn;, NiggMngCwSn; and NiMngCo,Sny; were  inestigated. The
structuraltransition temperatures such amrtensitic start temperaturé,f), martensitic finish temperatures
(Twmr), austenitic start temperaturekd), austenitic finish temperatur@,f) of the parent ternary alloy shifts to
lower tempeatures upon Cu and Co substitution. All #iloys exhibitedcubic L2; structure corresponding to
the austenite phase at room temperafline. values o&G (DE andDS) are 163.8)kg" (6.9 kJkg* and23.4 Jkg
™), 166.2Jkg* (7.7 kdkg*and 27.7Jkg*'K ™) and308.2Jkg* (5.5 kJkg' and 26.8Ikg*K™) for NisgMnasShys,
Niz4Mn4:Cw,Sny; and NigMn,Co,Snyy alloys, respectivelyt can be seen that introdag either Cu or Co in
the parent alloy leads to an increase in@8and DG around the first order structural transitidhcan also be
noticed that lowegss at the structural phase transition result in smaller thermal hystelDdgjg.(

Introduction

Alloys based on NMn-Sn, belong to the new classfefromagnetic shape memory alloysS(MAS). These
types of alloys are being intensively studied in recent years since they can exhibit room temperature martensitic
structural transition from cubic austen phase to orthorhombic martensite phase. Setowal. [SUTOO04]
established a phase diagram for the;Mins o Sgy alloysdisplayedin Figure 1. In this alloy system, NMns;Sn;3
composition is particularly interesting because in this alloy both the second order magnetic phase transition at
austenite phase as well as the first order martensitic structura phasition occur around room temperature.
The phase transition temperatureguctural, thermabhnd some other important physical properties including
magnetocaloric effectMCE) of the Ni Mni Sn alloys can be tailored by atomic substitution of elemsunth as
Fe, Co, Cu, Cr etc. for Ni or MiFJKUQ9, PASS09 KRENO7. Nii Mni Sn based and its substituted alloys can
experience three phase transitions: two second order magnetic phase transitions andaovderfingrtensitic
structural phase transition.ré&nkeet al.[KRENOY, reported that at the high temperature austenitic phase (above
the austenitic Curie temperatui®; »), the alloy is in paramagnetic phase and ferromagnetic phase when it is in
below Tca With decreasing temperature, the martensgicuctural phase transition takes place Tak
accompanied by a drop in magnetic moment (here magnetization) due to the increase in the proportion of the
martensitic phase and the weakening (and ultimate disappearance) of the ferromagnetic behavdaoistartite
phase. In the martensitic phase, if the temperature is further decreased, another second order magnetic transition
occurs at martensitic Curie temperatufie \p), the temperature at which the martensitic paramagnetic phase
becomes martensitic femagnetic phase. In this report, a detailed study of the structural and thermal transitions
as well agheir related properties &fii Mni Snalloy influenced by the partial substitution of Co and Cu atoms for
Ni is presented.
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Fig. 1. Phase diagram of iygMns o Sy alloys, where Para, Ferro, A and M denote paramagnetic state, ferromagnetic state,
austenitic phase and martensitic phase, respectively [SUTO04, BROWO6].

Experimental

Polycrystalline Nig(Co/CuhMn,sSny; alloy ingots were prepared by arc medfi method followed by
homogenizatiorunder a vacuum pressure of°1Baat 1273 K for 24 h and quenching in ice water. The overall
composition of the master alloys was measureetmrgy dispersive spectrometer (EDS, Oxford) attached to a
scanning electromicroscope (SEM, Leo 1430 VPIn this case, the EDS results are the mean value of at least
three independent observationsheTfinal alloy composition was nearly the same as the nominal (starting)
composition of the respective alloys (Table 1).

Table1: The overall measured compositionNif4(Co/Cu}Mn,sSny; alloys

Nominal Measured
Composition Composition
NizeMnyzSny; Nigs.09VIN43.1SM0 03

Ni44Mny3C0oSny Nig3 50VIN43.38C 0, 21SNi0 06
NigMnyCSny, Nigz,8dMN42.96CUp 145M 1 03

X-ray diffractometer (8ifert 3003 T/T) and differential scanning calorimeter (DSC, PerkinElImer DSC 7)
were used for structural and thermal characterization.

Results and discussion

X-ray diffraction(XRD) patterns forNisgMnssSn; 1, NizsMn,3Co,Sny; andNigsMngsCuShy; alloys recorded at
room temperature are shown in Figure BeBtructural datextractedrom these XRD patterrearelisted inTable
2. All the diffraction peaks in the XRD patterns of all the alloys could be indexdd2taubic structure
corresponding to the aemite phase. Lattice parameters (a = b = cNREMN4SM1, NigsMngCoSny; and
NizgMn4:Cw,Sryq alloys are0.5929 + 0002im, 0.5978 + 0003 im,and 0.5922 + 000&m, respectively. The small
increase (decrease) in lattice parameter and unit cell volurheQwi{Cu)substitutionfor Ni may be attributed to
slight differences in the atomic radii of Co and Cu with respect to that of Ni.

Ni,;Mn,,Sn,,

—

—
o
N
N
—

Intensity (a.u.)

20 30 40 50 60 70 80
2q (degree)
Fig. 2: Room temperature-Kay diffraction patterns foNizgMn,3Sn 1, NigsMnCo,Sn; and NigsMn,sCuSny g alloys.
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Table2: Crystal phase, lattice parameters (a, b, ¢) and-aeit volume of Nj,(Co/CupMn,sSn; alloys.

Alloy Crystal phas a b c Unit-cell volume
(nm) (nm) (nm) (nm?)
NiegMnysSny g Austenite 0.5929 0.5929 0.5929 0.2084
NizaMny3C0oSnyg Austenite 0.5978 0.5978 0.5978 0.2136
Ni4Mn43CLSnyy Austenite 0.5922 0.5922 0.5922 0.2077

DSC data corresponding MisgMnysSiyg, NiggMngsCo,Shy; andNiggMngsCuSry; alloys are plotted in Figure
3. The direct and reverse martensitic phase transformations are accompamvet-defined exothermic and
endothermic peaks. From these DSC curves, it is easy to find out the characteristic temperatures of fhg direct (
andTy;) and the reversél fsandT,¢) martensitic transitionThe values of the martensitic structural ctaeristic
temperatures obtained for different alloy compositions from the DSC plot are displayaiolén3

Ni46Mn43snll J\
Ni44Mn43COZSn11 M\
NiMMn43Cu25n11 A~

Heat flow (mW), endo up

150 200 250 300
Temperature (K)
Fig. 3: DSCplotsof NiggMnysSni g, NiggMnssCo,Sn; and NiggMngCuShy; alloys.
Table 3:  Martensitic start temperature (;f), martendic finish temperatures @f), austenitic start temperatures A,

austenitic finish temperature (J, thermal hysteresi<{,J, change in total enthalpyCE), change in total entropyJ5) and
change in free energyXs) of Niy(Co/Cu}Mn,sSn; alloysestimated from DSC data.

Alloy Tws  Tmr Tas  Tar DTy DE DS DG
K K (K (K (K) (kJkg?h)  (kg'K™ (Jkg™)
NiseMn3Snyy 292 240 259 299 13.0 6.9 23.4 163.8
NisgMn43C0o,Sm1 194 157 178 217 22.0 55 26.8 308.2
NisMnzCwSny 273 225 245 283 15.0 7.7 27.7 166.2

Using theDS C d at @, ,DE andh3S hase been estimated for the Co/CulMn,sSny; alloys The
obtained values aiG (DE andDS) are 163.8Jkg” (6.9 kJkg" and23.4Jkg*K ™), 308.2Jkg" (5.5 kJkg' and 26.8
Jkg'K™) and166.2Jkg" (7.7 kJkg*and 27.73kg*K™) for NisgMnssSmi, NizMnsCo,Sny; and NiggMngCu,Snyy
alloys, respectivelylt can be observed that introducing either Co or Cu in the parent alloy leads to an increase in
the DS and DG around the martensitic first order structural transitibicanalso be noticed that lowess at the
martensitic phase transition result in smaller thermal hystef@gjg,[= (Tas* Ta)/2 - (Tus+ Twr)/2] which arel3
K, 22 K and 15 Kfor NisgMns3Sh;, NiggMngzCo,Sny; andNigMngsCuSnyg alloys, respectively.

Conclusions

In this work, strgtural and thermal properties of the arc meftetycrystallineNi 4(Co/Cu}lMn,sSry; alloy
ingots have been investigated\l the alloys show evidence ofubic L2; structure corresponding to the
austenite phase at room temperature. Slight increase (decnedattice parameter and unit cell volume was
observed when Co (Cu) was partially substituted for INiroducing either of these elements leads to an
increase in the area under thermal hysteresis around the structural transition. These studibsagutatdidure
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for tailoring both the properties structural and thermal isM¥iSn alloys by Co and Cu substitution. Not only

the structuraland thermal properties but also some other important physical properties including magneto
caloric effect of the NiMni Sn alloys can be tailored by atomic substitution of elements (Fe, Co, Cu, Cr etc. for

Ni or Mn) which provides the alloys suitable for applications such as magnetic sensors, actuators and magnetic
refrigeration.
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SOLID PHASE CRYSTALLIZATION (SPC) OF NANOCRYSTALLINE SILICON (nc  -Si:H) FILMS:
CHANGES IN STRUCTURAL AND OPTICAL PROPERTIES
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ABSTRACT

Solid Phase Crystali@ion of hydrogenated nanocrystalline silicon films-8itH) deposited by radio
frequency plasma enhanced chemical vapor depositionAPEREVYD) and annealed at 6@ in a vacuum
furnace has been investigated. The structural and optical properties ared sfadithe as deposited
nanocrystalline films. The effects of variation of deposition power on the properties of nanocrystalline (initial)
and crystallized (after annealing) films have been investigated. The dependence of the structure af the
crystallizedfilms on the properties of as deposited films has been studied. It has been observed that the sjurface
morphology of the crystallized films obtained by scanning electron microscopy is highly influenced by |the
bonded hydrogen content of the as deposited argstalline films. It is also observed that the rate off
crystallization during annealing is much faster forSicfilms than aSi. X-ray diffraction study, Raman
spectroscopy and Transmission electron microscopy reveal formation of smooth, large grgstetized
silicon films by Solid Phase Crystallization of nanocrystalline films deposited at medium plasma power regime.

Keywords:Nanocrystalline silicon, Crystallization, Structural properties

Introduction

There is a current interest in fabricatingniquality polycrystalline silicon films on standard, inexpensive
glass substrate for application to large area solar cells and other microelectronic and flat panel display
technologies. Intrinsic microcrystalline silicon thin films nowadays are beingymided as the main absorber
or active layer (i layer) of solar cells. The serious drawback of the microcrystalline layer in device application is
its low deposition rate because several micrometer thick microcrystalline films are needed for suffitient lig
absorption. Another alternative method to get large grain silicon layer is crystallization of amorphous silicon (a
Si) material having high growth rate. Polycrystalline films after crystallization posses not only a large
crystalline grain and reducedrdsty of grain boundary but also include a smoother surface morphology and
higher conductivity. There are various methods of crystallization%if @among which the most promising is
solid phase crystallization (SPC). It is a simple and cost effectiveeggoby which comparatively thick
amorphous silicon thin films can be crystallized by thermal annealing in a conventional furnace. The structure
of SPC grown polysilicon films from undoped amorphous silicon is reported previously by many authors. In
this wak solid phase crystallization process is done on nanocrystalline Si:H films which are often called the
fi e d g e ¢5i:HJX]. Tree as deposited +®&i:H films are the transition materials between amorphous and
microcrystalline Si:H and it has the phase josfore the formation of microcrystalline grains. In this work
initial nanocrystalline films are deposited by PECVD process at high pressure with fixed hydrogen dilution ratio
but varying the deposition power from 10 W to 150 W and the structural andlagtanges in nanocrystalline
silicon films after solid phase crystallization are investigated. The dependence of the structure of crystallized
films on the microstructure of the as deposited films is also studied.

Experimental Results

The structural stlies of as deposited and annealed films have been donerdy diffraction. Figure la
and 1b show the Xay diffraction profiles of the nanocrystalline silicon films before and after SPC respectively.
In this figure the XRD spectra are shown for the fdeposited at 10 W, 40 W, 80 W, 130 W and 150 W RF
power. No sharp diffraction peak is observed for the as deposited films but the broad hump at aramadd 28
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45 to 60 indicates that there is a tendency of crystallization and the films are not completaighous. All
films annealed at 60C exhibit diffraction peaks atqRvalues of 28.4, 47.3 and 56.2, which correspond to
(111), (220) & (311) silicon planes respectively in which (111) peak is the most intense.

1(a)

<111> )
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-’
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@
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Fig. 1: (a) X-ray diffraction spectraof nanocrystalline silicon films deposited at (1) 10 Watt, (2) 40 Watt, (3) 80 Watt, (4)
130 Watt and (5) 150 Watt plasma power; (b) XRD spectra of annealed films with power (1) 10 W, (2) 40 W, (3) 80 W, (4)
130 W and (5) 150 W.

In order to investigate th&tructural nature of the ateposited and annealed films, Raman spectroscopy is
done.

Figure 2 shows the Raman spectra of thdegmosited samples and samples after SPC. Curves (a), (b) and
(c) represent the Raman spectra afleposited films at 130 Wat80 Watt and 40 Watt RF power respectively
and the curves (d), (e) and (f) show Raman spectra of the same films after SPC. The peak corresponding to
transverse optical (TO) mode around 480"cmifi the asdeposited film which corresponds to the amorphous
phase. After SPC, the broad band attributed to amorphous component almost disappears and mainly a sharp
peak around 520 chremains for all samples which correspond to the crystalline silicon TO phonon mode.

To calculate the crystalline volume fractioh the films after SPC all the Raman peaks after SPC are
deconvoluted into three peaks around 480" ¢fi10 cntand520 cm. The crystalline volume fractionhas
been estimated from the Raman spectra by the following formula,

Xe = Ictl/(TetlgH]y)

Where, |, I, and | are the integrated intensity of peak around 5208 which corresponds to crystalline silicon
peak, 510 cm which corresponds to grain boundary peak and 480 which corresponds amorphous silicon
peak respectively. Very small volunfiiction of crystallinity (%) is observed from Raman spectra of the as
deposited nanocrystalline films by deconvoluting the curves (a), (b) and (c) into two curves around*480 cm
and 520 cnl. The values of Xfor these nanocrystalline films are givenTiable 1. Sharp crystalline peaks are
observed with a less amorphous component for all the films after annealing. The crystalline volume fraction of
films after crystallization is also shown in this table. It is observed that the films deposited at pedienare
better crystallized than that at lower and higher power.

Fig. 2. Raman Spectra of as

deposited and annealed films with
(@), (b), (c) as deposited films at 130
* Watt, 80 Watt and 40 Watt and (d),

(e), (f) annealed films at 130 Watt, 80
Ju— Watt and40 Watt.
@
© The bonding configurations of
N Si and H in the silicon films can
be determined by fourier
transform infrared spectroscopy.

Intensity (a.u.)

. . . . . . . . .
420 440 460 480 500 520 540 560 580
Raman Shift (cm_l)
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FTIR spectra of the as deposited nanocrystalline films are investigated in the range4608af7 where all

the fims show a prominent peak centered near 2000amresponding to Si:H stretching mode. Generally the
peak at 2000 crhis attributed to the monohydride bonding of silicon-f§iand the peak at 2100 ¢m
corresponds to dior polyhydride bonding of silmn [SiH,, (SiH,),]. The microstructure factor [R=

I210d (12006t 12100] has been calculated from the ratio of integrated intensityer the deconvoluted curves at
2000 cnt and 2100 cil. The peak positions and values of R are given in TablEhé&. bondechydrogen
content (G in atomic %) of the as deposited silicon films have been calculated from the integrated infrared
absorption 4) of the peak corresponding to rockimgigging mode of silicon hydrogen bonding around-630
640 cm' and the values are algiven in Table 1. It is observed tha 8 lower in the films deposited at lower
power and increases as RF power increases. Valugief@X%- 8.6 at atomic % for 180 Watt deposited films
whereas the value is 1718.5 at atomic % for 13050 Watt depsited films. A shift of peak position of the
stretching band is shown in Table 1. The position of the 2006 meak changes with increased hydrogen
concentration of the films. All the nanocrystalline films show dominating peak at 2000wt very low
contribution from 2100 cihy as we can see from the low value of microstructural factor. We can say that we
have deposited dense, void free films initially. It is interesting to note that even at high power deposited films
where G is high R is low.

After annealing, each sample has been analyzed again by FTIR spectroscopy. No peak has been observed
in the IR spectra of the annealed films. The peak observed at 20bfbcthe as deposited films disappears
after annealing the films at 60@€. The bonded hydgen content is negligible for the films after SPC. As
expected hydrogen diffusion takes place where the films are annealed nézar B8 samples deposited at low
power (1040 watt) have smooth surface after effusion of hydrogen from the surface difnthdue to
annealing but the surface becomes very rough for those samples deposited at high power. The sample deposited
at 150 Watt is partly pealed off. Thus we obtain uniform, smooth, damage free crystallized films deposited at
low power region afteraid phase crystallization.

Table 1:Structural properties of as deposited nanocrystalline silicon films and films after SPC deposited at different
deposition power.

Power (Watt) X. (Before SPC) Xc (After Peak position of IR Micro Cy (at%) of as-deposited
(%) SPC) stretching mode d as- structural factor films
(%) deposited films R of asdeposited
films
10 2.83 81.1 1994.2 0.016 6.6
40 5.01 89.8 2003.9 0.184 8.0
80 2.53 88.9 2003.9 0.125 8.6
130 1.67 83.2 2005.8 0.121 17.5
150 0.96 82.5 2007.7 0.108 185

In order to study the structural nature of the annealed films more thoroughly, high resolution TEM
(HRTEM) measurements are performed. Figure 3a and 3b shows bright field plane view Transmission Electron
micrographs of the sample deposited at 40 Wafbre and after SPC respectively. It is very clear from the
images that larger grain growth occurs due to annealing at@G®hereas very small sized grains are observed
before annealing in the sample. Figure 3c shows the TEM micrograph of sampleedtpb80 Watt after
SPC. A wide distribution of circular and elliptical grains are observed having grain size between 67 nm to 130
nm. The most interesting feature in this micrograph is the elliptical shape of the crystallites.

From the TEM micrograph dfigure 3b, it is observed that the grain is approximately ellipsoidal in shape.

By measuring the length along the two main axes (a,b) of this ellipsoidal and assuming that the aiea of the
ellipsoid is equal to a square of side g, we can find out the gjrairas given below

g = (pab)%2
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Figure 3d
shows the high
resolution TEM

image
(HRTEM)  of
annealed film
deposited at 40
Watt in which
the lattice
spacing is
clearly
identified. The
interplaner
spacing d is
calculated from
the lattice

(c) 80 Watt after SPC (d) High Resolution TEM image of filn
deposited at 40 Watt after crystallization

Fig. 3: Transmission Electron Micrograph of silicdifims

image.Comparing the d value with JCPDS data the crystalline plane can be recognized. In Figure 3d the value
of d = 3.16 A which corresponds to (111) plane. From the FFT (Fast Fourier Transform) image shown in the
inset of Figure 3d the value of d is calculateiiak 3.12 A. This also indicates the (111) orientation.

The crystallization of silicon films by furnace annealing can be very clearly viewed by the high resolution
TEM images and selected area diffraction (SAD) patterns. Figures 4a and b show the HRAJEN as
deposited and annealed samples deposited with 40 W and the corresponding diffraction image. The square box
indicates the selected area in the sample for diffraction. The diffused rings in the transmission electron
diffraction (TED) pattern ifigure 4a reveals the absence of crystallites before SPC, whereas the clear lattice
planes as well as the presence of bright spots in the TED pattern in the annealed film as depicted in figure 6.5b
implies complete crystallization of the film.

Fig. 4. HRTEM and corresponding SAD
pattern of 40 W deposited film (a) before SPC
and (b) after SPC.

Figure 5 shows a high resolution
transmission electron micrograph of the
film after annealing deposited initially at
40 W, enlighten heavily twinned structure
in a typical crystallized region. The
microtwin lines are clearly visible in the
grain as denoted by
portion of the grain surrounded by white
rectangle in the figure has been magnified
and shown in the inset of the image. On
both side of themicrotwin, periodic (111)
planes have clearly seen. Actually, in the
solid phase crystallization process from a
Si to polycrystalline silicon thin film,
compressive stresses arise in the amorphous films due to the mismatch of thermal expansion eoefficient
between the film and the substrate. Again tensile stress may be induced in the films as the crystallization

10 1/nm
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proceeds since the amorphous to crystalline transition is accompanied by a volume contraction. To relieve these
stresses, two dimensional crysitad defects such as microtwins, stacking faults etc. and one dimensional
crystalline defect such as dislocation develop during the nucleation stage and the growth stage of the crystal.
Studies on the crystallization of amorphous semiconductor thin filmegly suggest that lattice defects, such

as twins, play an important role in the growth of the crystalline plane. Csepregi&tt@veshown that the
presence of twins can accelerate silicon crystal growth. It is observed from the micrographgtahtheave a
dendritic appearance with preferred growth direction as indicated by the black arrow marks in Fig. 5.
Introduction of microtwins (T) facilitates growth in the arrow directions by providing favorable atomic sites for
atom attachment. The insef the figure shows the SAED pattern of the film. Regular and symmetrical
arrangement of bright spots attributed to perfect polycrystalline silicon growth. The identification of the lattice
planes have been done from the SAED pattern resulting (111),488Q311) lattice planes. In our work all the

three peaks have been observed kX diffraction study for the annealed films

Fig. 5: High resolution transmission
electron micrograph of heavily twinet
structure in a crystallized region of Si:t
film after annealing deposited initially a

<311>
20> @ @ <111>
& A

Surface morphologies of the films have been studied using scanning electron microscopy before and after
annealing The as deposited samples having thickness of 1 pm to 1.5 pm show the same featureless surface
morphology typical of amorphoisslicon. But there is considerable change in the surface structure of the films
after annealing. Figure 6a and 6b show the sarfaorphology of same sample deposited at 40 Watt before and
after SPC. It is seen from the micrographs that before annealing almost no grain growth occurs in the surface of
the film whereas after annealing a large
number of spherical grains (1 to 2 um)ear
randomly distributed all over the surface.
Figure 6¢c shows an individual grain which
contains a large number of small spherical
grains of verage diameter ~ 80 nm to 100 nm
coagulating with each other to form the large

grain. Annealing degrades the sudaof the

films which are initially deposited at higher
power. Annealing degrades the surface of the

films which are initially deposited at higher

power ¢ 80 W). The films deposited at high

power show damage surfaedter SPCwith

large number of crater&ig. 6d).

(a) Power= 40 Watt before annealing (b) Power=0 Watt and
anrealed at 600C for 6 hrs

Fig. 6: Scanning Electron Micrograph of silicon
films.

(c) Individual grain of 40 Watt (d) 80 Watt annealed film
annealed film
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Optical absorptiom is determined for both the as deposited (nanocrystalline) and annealed (polycrystalline)
films deposited at different powers. Figure 7 shows the absorption aristics of silicon films against photon
energy Im deposited at 40 Watt before and after SPC. It is clearly seen from the figure that the nature of
variation ofa change drastically in case of the annealed samples in comparison to the unannealed films. Two
distinct regions are shown from the absorption curve: Below 2eV, the absorption increases after annealing.
Before annealing at 1.55 eV was 3.3x2@m', whereas after annealing at 1.6 eV becomes 1.1x%0n™.
Above 2 eV region, optical absorption cfi@gnt is higher for the as deposited silicon films than the annealed
films. The large value of absorption coefficient of as deposited films is mainly due to amorphous phase.

The optical band gap®'i s esti mat ed ahy (hWi-BH)efidm high ebscaption cegiora(
~ 10f). The optical band gap of the samples before annealing is 1.68 eV for film deposited at 40 Watt, which
corresponds to the nanocrystalline silicon material compare with others data. After solid phase crystallization
opticalband gap of the first sample becomes 1.12 eV, which is similar to the value of indirect gap of crystalline
silicon. Thus it is observed that the annealing shifts the absorption edge closer to the crystalline silicon phase.
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Fig. 7: Optical absorption spectra of silicon films deposited at 40 Watt in which (1) as deposite?) anddaled film.

Discussions

The initid as deposited films deposited at high growth rate are nanocrystalline in nature that has the phase
at the threshold of crystallinity. The XRD spectra of the as deposited films indicate different nature from the
typical xray peak of &i. For amorphous l&on a broad hump is usually observed in XRD. From the Raman
spectra of the as deposited films very small fraction of crystallinity is obtained which satisfies the
nanocrystalline nature of the films. TEM images of the as deposited films confirm thegeredevery small
crystalline grains of average diameter-8.5%m embedded in the amorphous structure. The size and volume
fraction of these crystallites are too low to be detected by Raman spectroscopy. It may also be noted that
microstructure factors (R)f these nanocrystalline films are much lower compared to that of microcrystalline
silicon films indicating more compact and void free network.

Solid phase crystallization of amorphous silicon is basically a first order phase transition from amorphous
to polycrystalline phase. It involves two distinct processes, the nucleation of seeds, which are often called the
ijerm nuclei 6 and their growth to become | arger fAgr oy
Both processes are thermallytisated. Due to thermal annealing the whole covalently bonded random network
of &Si rearranges in such a manner that the free energy of the final phase should be less than the free energy of
previous random phase. Thi &his$wery sloaviprocess. Diriang annealirig uhe a | re.
tetrahedral bond angle deviatidg of aSi decreases and short range order improves and hence crystallization
occurs. The rate of crystallization = nucleation rate + grain growth rate. This type of homageneou
crystallization leads to a progressive conversion of as deposited Si:H material into a polycrystalline form, as
depicted in figure 8. As the crystal l attices of i nd
grain boundaries, a polggstalline nature is formed. The final grain siz€ d[vg/ N]*3, according to the
theoretical calculation of Iverson and Reif et[8l. where N is the nucleation rate anglis the grain growth
rate.
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From several reports on the crystallization time arybtallization temperature it is obvious that at an
annealing temperature of 60C, undoped amorphous silicon film requires much high annealing time of the
order of 20100 hrs[4]. But in this work, SPC of nanocrystalline silicon takes much less tenenly 6 hrs.

The structural study of intrinsic nanocrystalline silicon reveals that there already exist a large number of tiny
grains of average diamete’8&5 nm i n t hese films which are treated as

Thus crystallization comprises onlyet growth process from these seeds and crystallization$f occurs
faster than &5i. In another aspect we can say that as the nanocrystalline silicon has improved short range order
i.e. less bond angle deviation in its atomic structure, the enhancefrleng range order by thermal annealing
is much faster than-8i. The surface morphology of the samples after annealing at®6ai 6 hrs is related to
their initial (before annealing) bonded hydrogen content. It is shown very clearly from the SE&% iamabthe
bonded hydrogen content (Cvalues of the as deposited samples that the surface damages occur for samples
having higher initial hydrogen concentration. Above 80 W all the samples have higher initial hydrogen content,
thus massive hydrogen effaa occurs during annealing which creates surface damage for those samples as we
can see from the scanning electron micrographs. The optical absorption spectra of the silicon films after solid
phase crystallization show similar variation as that-8f athougha values are high.

Conclusions
Nanarystalline silicon films have been prepared using high chamber pressure and RF power by PECVD
method. The phase change of nanocrystalline silicon to polycrystalline silicon is realized by solid phase
crystalization process. All the films are highly crystalline

ey - Sy after SPC having volume fraction of crystallinity JXaries
g Amid &2 \Q“ from 81 % to 90 %. After SPC, the large crystalline grain of
o 4 ﬁ)QODD grain size ~102 nm (from TEM), highest volume fraction of
Qe U/\ 2 Q CRE crystallinity ~ 90 %and dark conductivity of I Scm®
- / have been obtained in the film deposited at 40 W deposition
Z power. For this sample deposition rate is ~ 0.5 nm/sec. It
// is very interesting to note that the rate of crystallization of
Z, the nc-Si films due to annealing higher than that of-&i.
Nanometesized Polvervstalline silicon forms 1 N€ low bonded hydrogen content (@ &t. %) in 10 and 40
crystallites act as seed W deposited film is suitable to avoid massive hydrogen

nuclei in the as

deposited pi:H film evolution during SPC. The films deposited at high power (>

80 W) have large hydrogen content. The rigorous edffusi

of hydrogen during SPC causes extensive surface damage to
the films. It is observed from scanning electron micrographs
that no surface damage occurs for films deposited at 10 and
40 W after SPC. Thus we obtain large grained, smooth,
crystallized siliconfilms with considerable growth rate (~
0.5 nm/sec) by solid phase crystallization using an optimum

/ % deposition power which is 40 W in this case.

Fig.8: Crystallization kinetic of the qdycrystalline
silicon film by solid phase crystallization of the ¢
deposited film.
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ABSTRACT
The MHD natural convection heat and mass fiensver a melting horizontal plate embedded in a porous
medium saturated with a fluid of variable viscosity is investigated in this paper. The plate and ambient medium
are maintained at constant but different levels of temperature and concentratiomasingat and mass transfer
occurs from the wall to the medium. The Reynolds viscosity model is used to characterize the viscosity ¢f the
fluid. A similarity solution for the transformed equations is obtained. The numerical computation is carried out
for various values of the flow, temperature and concentration influencing characteristics. The effect of radigtion,
viscosity, thermediffusion (Soret effect) and melting in presence of magnetic field on the temperature and
concentration field as well as on theat and mass transfer coefficients is analyzed. It is noticed that the effect
of thermediffusion parameter on the heat and mass transfer coefficients reduces with increasing value of the
melting parameter. The reduction in heat and mass transfer dutiagnpphenomenon in the porous medium is
influenced by viscosity parameter. It is also evident that thecombined effects of melting and Soret effegt are
prominent in presence of radiation.

Keywords Natural convection, Soret effect, melting, radiationgmetic field, Porous medium.

Introduction

The study of convection heat and mass transfer in a porous medium has wide range of applications in
geophysics and energy related problems such as thermal insulation, enhanced recovery of petroleum resource,
geoplysical flows, polymer processing in packed beds and sensible heat storag@édseicond ordeeffects
like melting, radiation, thermdiffusion (Soret effect), variable viscosity and magnetic field are important
phenomenan coupled convection in porousediaA lot of heat and mass convection studiesin porous media
have been reported by researcherd4}with considering different second order effedttderstanding the
collective consequencesécond ordeeffects on double diffusive convection of heatl amass in porous media
is very crucial due to their huge practical applications.

The main purpose of this present investigation is to illustrate the effect of radiation and Soret effect on

MHDnatural convection heat and mass transfer over a melting htaizaate in a nofDarcy porous medium
saturated with a fluid of variable viscosity, using the similarity solution technique.

Mathematical Formulation

Consider the steady twdimensionallaminar boundary
layer flow over a horizontal plate embedded inatusated
porous medium. The fluid is considered to be gre
absorbingemitting radiation but noscattering medium,
and the Rosseland approximation is used to describe
radiative heat flux in the energy equation. The physic
model and the cordinate gstem are shown in the Rigg
1. The X-coordinate is taken along the plate, the-

coordinate is measured normal to the plate, while the ori
of the reference system is taken at the leading edge of y\,

plate. A transverse magnetic field of strenddh is imposed. Fig. 1: Physical Model and coordinate
system (Kairi[14])

.!Elqmd. . - . .
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The plate is at a constant temperatfeat which the material

of the porous matrix melts. The liquid phase temperatuf(isy ) and the temperature of the solid far from
the interface iS¥(<"Y ). The concentration atéhwall isé, and the surrounding porous medium is maintained
at constant concentratiody. With the usual boundary layer and linear Boussinesq approximations, the
governing equations, namely the equation of continuity, the Darcy flow model, ¢hgyesind concentration
equations for the isotropic and homogeneous porous medium may be written as

:—Z)+I—Z): 0’ (1)

tie T = el Y ¥ +158 ] ()
" " 20 Al

o0+ 0= 02+ 0 @)

The associated boundary conditions are:
®w=0:0=0,"Y="Y, 6 = 04 (5)
WO D:6° 0,"Y0 "¥,0 © Op (6)

In the above equations,andv are the average velocity components alongkthady directions./, is the
density at some reference poigtis the acceleration due to gravii;q, andbC are the coefficiets of thermal
and concentration expansion, respectively. AlBois the empirical constant associated with the Forchheimer
porous inertia term and{T) is the variable consistency index, whitg, is the specific heat at constant
pressure.d@ and D are theeffectie thermal and solutal diffusivities, respectivelf), quantifies the
contribution to the mass flux due to temperature gradient, The radiative heat fluqr;e'rsmmitten using the
Rosseland approximation (Sparrow and Cess [13]) as

4
o A4S U
Y3y

whereS and k' are the Stefaoltzman constant and the mean absorption coefficient, respectWéIiys
expressed as a linear function of temperature, hence

T*o 4TQ3T -.':3T;1 (8)
The catinuity equation is automatically satisfied by defining a stream funttienw)

()

such thato = Ter andv = ;r—w We introduce the following similarity transformation:
G ot el 2 Y ¥ 6 8

—= =Y 3 - = Yo 3 00— — = —% o _ = —4_
5 Yay, >, | YGy, : Tl 5 o0

Where'de: ‘9 M

‘D
The fluid viscosity7{ § is assumed to obey Reynolds viscosity model
=g (9)

where, is the nondimensional viscosity parameter depending on the nature of the fluidyaedhe ambient
viscosity of the fluid.

The above transformation reduces the system of partial differential equations into the following system of
nonlinear ordinary differential equations:

1+ 0G0 MG, 0o 20 Mk §e N+ —+ 5. ] (10)

NN QN 2] 8, + —Nf 0 (11)

Lo NN Lng Nty Nij

0 iy 3 Q + Y 0 (12)

The transformed boundary conditions are

-= 0"+ 360, —=0,« =0 (13)

-0 P:"df 0,—° 1,- 01 (14)
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In the above, Y=

"OZ _ (I) 7(52"2["@ \6 b
- ‘b

parameter, buoyancy ratio, Lewis number and modified Grashof number, respectively. The paraméter

4,3
50"

"y =
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a9 %)

I (64 6p)’

0 =71 &6

Op)

M %),

I fluid of variable viscosity saturated are the radiation, thediffasion or Soret

represents the aiding buoyancy ané O represents the oppimg buoyancy.

In the presence of radiation, the surface heat and mass fluxes from the wall to the medium is given by
(15)

using these, nedimensional heat and mass transfers coefficient are written as

fe QLY A T
Y te 30 160 4o
, 10
»= 0L 16
No = (16)
00 - —NJO 1+ 4. 17
e a+fv,  an
0, _
wdl3 T %NO "
Y&y, .
Pt
riE
et
PR
l'/ :
e '/’/
= 27 ez ed.Le=10 N=1. Re01
Vi
'; . ——— T
-'/ - sm=oE E=0s
j . m=ig,8=00
R ——m=il E =05

Fig.2: Variation of temperature profis with

(18)
B
=y
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Fig. 3: Variation of concentration profiles with similarity
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Fig. 4: Variation of temperature profiles with similarity
variableh

Fia. 5: Variation of concentration orofiles with similaritv variatfe
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Fig. 6: Variation of heat transfer coefficient agairyt
for varvinad and .

Fig.7: Variation of mass transfer coefficient

Results and Discussion
The nonlinear ordinary differential equations (2@2) with the boundary conditions (13l) are solved
using 4" order RungeKutta method by shooting and matching technique.The variation of hedamass
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transfer coefficients are shown for some selected values of the parameters throughHRigures.2 and 3
illustrate the variation of the nesimensional temperature and concentration profjeend f , respectively,

against the similarity variabl& across the boundary layer for two sets of valuesSpfand M for fixed value

of other parameters. It is seen that increasing the melting parafifetemds to increase both thermal and
concentration boundary layer thicknesses. With an increase in thep@msieter, a rise in temperature profiles
and fall in the concentration profiles is seen against the similarity varfalihside the boundary layer. Figures

4 and 5 display the temperature and concentration profflaad f , respectively, for various vats of

melting parameteét and magnetic parametér, for fixed value of other parameters. It is clearly shown that
both temperature and concentration boundary layer thicknesses increase with an increase in the values of
magnetic and melting paramete

The variation of nofdimensional heat transfer coefficient (Nusselt number) anddimoansional mass
transfer coefficient (Sherwood number) against the Soret paraiydtar different values oft and, is plotted
in Figures 6 and 7, respectiwellt is observed that Nusselt numberincreases with Soret parameter and viscosity
parameter while the same decreases with increase in the values of melting parameter. It is observed that as the
melting parameter increases the impact of viscosity pararopténe heat transfer rate reduced.On the other
hand Sherwood number decreases with increased values of viscosity, melting and Soret parameters.As in the
case of heat transfer rate the mass transfer rate is reduced with the increase in the values paraeitier.
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AUTO-TANDEM CATALYSIS: AN UNIQUE APPROACH FOR THE DIRECT CONVERSION OF
ISOXAZOLE TO 2 -AZAFLUORENONE
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ABSTRACT
Onepot procedures involving multiple catalytic events constitute a subset of the broaderycafemoe

pot processes that includes domino, cascade, or tanekstions Few inherent features those make it more

interesting are atom economy, time and cost savings, environmental friendliness, and potential applicatiops in

the rapid construction of cqutex molecular structures. Among all other categories,-tutdem catalysis is the

most intriguing as two or more mechanisticallydistinct catalysis promoted by a single catalyst precursor:oth

cycles occur spontaneously by cooperative interactionof thieusaspecies (catalyst, substrate, additional

reagentsif required) present at the outset of reaction. No reagentsbeyond those originally present need be [added

to trigger thechange in mechanism. Entry into both cycles is presumed tobe mediated by taspatzEiys in

which the structure essentiallyconserved, though intermediates will necessarilydiffer at points in each cycle.
Thus, it is really difficult to control the reaction when the optimal condition for multiple catalytic cycles aIe
differ from eat other and the development of tandem reaction is still challenging task.

As a part of our continuous efforts we have successfully developed ataadéan Palladium catalytic process

for the direct conversion of isoxazole te&a2afluorenone in one pot appended below.

PdBr; (10 mol%)
_-0, cN BINAP (10 mol%)

N Li,CO3 (2 equiv)
| / | molecular sieves
+ —_—

NMP, 150 °C

Introduction

Replacement of multiple steps chemical synthetic process with efficient catalyzed technique which strive

for atom economy is having an important impact in the synthefsiSne chemicals and pharmaceutical

interesting compoundsi Tandemod reactions, in which varioussynth

synthetic operation, have been reported extensively in the synthetic chemistry liteNtueespecific terms to
describe it are domino, cascade, multicomponent or one pot reaction. Individual reactions are so closely
coupled that often yield a product which difficult to obtain

catalyst catalyst by single process. This attributed that the intermediates
are not stable enough for isttmn and quickly
transformed into a stable
A B P catalysiso has been used

strategies that comprise ttsequentialuse of catalytic
Scheme 1: Pictorial presentation of tandem catalysis reactions with minimum workup, or change in
conditions® Scheme 1 describe aemeral example of
tandem catalysis. After the firstatalytic cycle substrate A is converting into an intermediate B which

spec
t o

immediately get into the next catalytic cycle to resulted in the final product P. Inherent features those make it

more interesting & atom economy, time and cost savings, environmental friendliness, and potential

applications in the rapid construction of complex molecular structures.
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Tandem catalysis can be categorfzasi follows a) Orthogonal tandem catalysis [this involves twmane
functionally distinct and noninterfering catalysts or precatalysts, all of which are present from the outset of
reaction]; b) Auto tandem catalysis [in this process, two or more mechanisticallydistinct catalyses promoted by
a single catalyst precundoand c) assisted tandem catalysis [catalyst require reagent to trigger a change in

mechanism]. An example of tandem catafyssshown in

@Br 1P TCOw PP \ scheme 2. Here, compouridundergoes two consecutive
s, . reaction in the presence of two different catalyst and results
;Nl 3;N in the final produce. If we analyze the reaction deeply, then
70N 3 it is possible to predict the actual pathway of this reaction.

reaction (Heck Reaction) to yield the final compo&nd
Among all other categories, att@ndem catalysis is the
most intriguing as two or more mechanistically distinct
catalysis promoted by a singleatalyst precursor: both
cycles occur spontaneously by cooperative interaction of the various species (catalyst, substrate, additional
reagents if required) present at the outset of reatthdm.reagents beyond those originally present need be
added to tgger the change in mechanism. Entry into both cycles is presumed to be mediated by a catalyst
species in which the structuredssentiallyconserved, though intermediates will necessarily differ at points in
each cycle. Thus, it is really difficult to cwal the reaction when the optimal condition for multiple catalytic
cycles are differ from each other and the development of tandem reaction is still challenging task.
Nitrogen containing heterocycles are the most privileged scaffolds found in both natadaicts and
biologically active molecules and this has encourage the researchers to develop
N new and efficient synthetic protocol for such
RSJ\OTR moieties. Beside the other applications
Isoxazoles, five membered heterocycles,
Nt Rm/o also serve as important buildindobks in
N organic synthesis. Reactions of isoxazoles
NH, O (R®=H) N, N . . .
IS o R1MR e Rl))—(RZ are summanzed |r.1 schgme 3. Hydrogenation
\ ~ over platinum oxide, isoxazole undergoes
o ~RNRE N ° ring opening reaction and resulted in
Pd+%ae o N¢R unsat uflatoatdry,k-et one .
keto nitrilesin high yieldvere obtaineda a
h ring-opening process when isoxazole was
/ /\N Our approach treated with NaH.When isoxazole exposed
Re to ligh? (a particular wave length), the-®
Scheme 3: Reactions of isoxazole bond undergoes hemolytic cleavage and
results in acyl acylazirinesto generate the thmeenbered ring and eventually it foeh oxazole. This is known
as photoisomerization reaction. The efficiency of reaction can banead by using triplet sensitizer. The
intermedi at e, acylazirine may p-aminonitrdei ip the presenae ofc onde n.
pyridine upon heating and yielded imidazole as final product. Palladaiatyzed ringopening reactions of
isoxazoles remain unknown. Our ongoing interest in developingtriatsitionmetalcatalyzed processes for
the preparation of biologically interesting heterocycles has prompted us to explore more facile synthetic
approaches for heterocycles with higher malar complexity. In our lab, we have utilized halogen substituted
isoxazole as building blocks for the construction of even more complex structrafl@renones. The tandem
palladiumcatalyzedHeck/Heckearrangement reaction from haloggubstitutediexazoles and Michael
acceptors are the key factors/steps for constructioreaBflurenones in one pot.
Before the description of -@zafluorenones synthesis, we rather highlight the opted technique for the
construction of halogen substituted isoxazolehéne 4). We have started from very simple compound
substituted romo iodobenzene.

] Principally, this reaction proceedsa an intermediate2
@[Br which results after olefin metathesis reaction. After that the
RO, 0z Pd intermadiate participate in Pd catalyzed@ cross coupling
J
2

Scheme 2: Example of tandem catalysis

(R'=H)

(R? = 2-bromophenyl)
(R®=1)
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s Pd/Cu
R | _— ms —F
NN TMSCCH

12 Br

l R'COCI
l 5 steps +Pd/Cu
N-OMe MeONHHCI  /=\ 0O
v \ ., — LU=
R R
Br
13

| Br 14
1

Scheme 4: Synthesis of isoxazoles

Preparation of ((2-bromophenyl)ethynyl)trimethylsilane (11).

A 6-dram vial was charged with-tromoayliodide (2.0 mmol), ethynyltrimethylsilane (117.86 mg, 2.4
mmol), Pd(PP¥).Cl, (21.06 mg, 0.04 mmol), Cul (5.7 mg, 0.04mmol), angNEf1l2 mL). The vial was then
purged with argon and sealed. The reaction mixturestiasd at room temperature overnigimitil the

_ Br Pdclz(PPh3)2 (2 mol%) % Br
Cul (2 mol%) R— |
R * IMS—= EtsN, rt ight
| 3N, rt, overnig S
11 TMS

disappearance of starting material was observed, as monitored by thin layer chromatography. The reaction
mixture was diluted with diethyl ether (20 mL) and washed with brine (20 mL), and the aqueous phase was then
extracted with diethyl etmg(2 x 20 mL). The combined organic layers were dried over anhydrous MgSO
concentrated under reduced pressure; the resulting residue was purified by flash column chromatography on
silica gel.

Preparation of 1-bromo-2-ethynylbenzene (12).
A 6-dram vialwas charged with (€Bromophenylethynyl) trimethylsilane {1, 2.0 mmol), CsF (455.ihg,
3.0 mmol)& methanol (15 mL). The reaction mixture was stirred at 35°C overnight until the disappearance of
the starting material as monitored by thin layer chrograohy. Methanol was removed using a rotary
evaporator under reduced pressure (20 mmHg). The residue was dissolved in diethyl ether &4®anhgd
with brine (30mL). The aqueous phase was extracted with diethyl ether (2 x 20 mL).
The combined organitayers were dried over

R I Br CsF R I Br anhydrous MgS@ and concentrated using a
=~ MeOH, 35 °C = rotary evaporator under reduced pressure. The
== overnight i ! .
11 ™S 12 residue was purified by flash column

chromatography on silica gel.

General procedure for the preparation of 3aryl-alkynone (13).

A 4-dram vial vas charged with PdgPPh), (21.06 mg, 0.02 mmol), Cul (5.7 mg, 0.02 mmol), acid
chloride (1.3 mmol), -bromo-2-ethynylbenzenel@, 1 mmol), and triethylamine (8 mL). The reaction mixture
was stirred at room temperature overnight. Aftermpletion of reaion as monitored by thin layer
chromatography, the resulting mixture was diluted with 15 mL of diethyl ether and washdxutimgtil5 mL).

The aqueous phase was extracted with diethyl

o gr  PdC(PPhs), (2 mol%) o ether (2 x 15 mL). The combined organic
. Z Cul (2 mol%) B -
leu R | « EtaN, rt, overnight RN ' layers were dried over anhyirs MgSQ, and
1 N \ N concentrated under reduced pressure (20
=

13 mmHg). The residue was purified by flash
column chromatography on silica gel.

Preparation of alkynoneO-methyl oxime (14).
A 6-dram vial was charged with-methylhydroxylamine hydrochloride (167 mgp2nmol), NaSO, (284 mg,
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