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1.0 General Information
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1.0 GENERAL INFORMATION
1.1 Overview

MorphologyDomain application is intended to genenstiorphology Graph and surface normals
of the Morphology Domain from the crystal propestieuch as lattice parameters and Miller
indices of F-faces. The F-faces can be obtaineth fodher commercial software such as
FACELIFT and Material Studio. The Miller indices Bffaces are supplied as an Excel file. The
lattice parameters can be typed in the application.

There is another section in the MorphologyDomaimAocessible Region Analysis. This part of
the software takes growth rate function from andtXibe and provide accessible domain in the
Morphology Graph.

The software delivered in this form is fully furmtial and is capable of generating Morphology
Graph and Morphology Domain, and showing accessibieains for a valid input data.

1.2 Authorized Use Permission

This is free software and hence anyone can ustowever, copying any part of the software is
not allowed.

1.3 Contact Information
For additional information and any query pleasetacin

Professor Doraiswami Ramkrishna

480 Stadium Mall Drive,

Forney Hall of Chemical Engineering, 1121
Purdue University

West Lafayette, IN 47907

Ph: +1 (765) 494 - 4066

Email: ramkrish@ecn.purdue.edu
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20GETTING STARTED
Extracting, Installing and Executing MorphologyDomain
2.1 Extracting from the .ZIP archive

Once you have extracted the .ZIP archive, you shbel able to find the following inside the
folder:

* MorphologyDomain (an executable file)
* Read Me (notepad file)
* Video Tutorial
* User Manual
* Examples folder
* Alum Folder
* Miller Indices (excel file)
* Growth Rate Function ALUM (excel file)
* Document (pdf file)
* Acetaminophen Folder
* Miller Indices (excel file)
* Growth Rate Function APAP (excel file)
* Document (pdf file)
» KAP Folder
» Miller Indices (excel file)
» Growth Rate Function KAP (excel file)
* Document (pdf file)
* Miller Indices Template
* Growth Rate Function Template

MATLAB Compiler Runtime (MCR) version 7.16 is a peguisite for this application. A copy
of MCR is available on http://web.ics.purdue.eduighR2/MCRInstaller.exe

211 InstallingMCR
Please refer to the Read Me notepad file to knowerabout installation procedure.
2.2 Starting the Application

Once you have MCR version 7.16 installed or if yoave it installed already, run the
MorphologyDomain.exe file. It is a standalone apggiion and you do not need MATLAB to run
it. You can execute it directly by double clickingthrough command prompt.
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You may also try MATLAB command window to run ttapplication. Select the path for
MorphologyDomain directory and type “IMorphologyDam” (without quotes) on the
command window. This will open the graphical usgeiiface (GUI) of MorphologyDomain.
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3.0CREATING DATABASE
Creating database for Miller Indices and Growth Rate Function
3.1 Miller Indices Database

Before getting the desired output, you need toterggout data in the right format. The format of
the input for Miller indices and color code of thdace is given in the excel template which you
will find in MorphologyDomain folder. Once you opéine template excel file, you will be able
to see the format in which the input needs to hergi You can create your own database
anywhere on your computer and can give any naniket@xcel file. But make sure that your
input data is always on SHEET 1 of the excel fdace you have made your own template in the
format given, type in the Miller indices such thdiller indices of one family of faces are
consecutive. Make sure that every family of facas ®NE single color code which you will
type in next to the Miller indices of every facdfferent families can have different color codes
depending on what you want. The allowable coloresaare the following:

Colour Code Colour

Yellow
Magenta
Cyan
Red
Green
Blue
White
Black

~|s|ola|=|o|3<

Once you have created the complete dataset fockystal, save the excel file with any name
you want.

On the next page you will see a screenshot ofxtbeldile. The data shown there is that of Alum
crystal.
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Figurel: Excel sheet of Miller indices of F-faces with thespresentative color code.
3.2 Growth Rate Function Database

Once you are done with creating database for theeMMndices, you can create face-specific
growth rate function for “Accessible Region Anal/siYou will find a sample template in the

main folder. Follow the template pattern. The &3ltakes input of % supersaturation from the
MorphologyDomain. The cell C3 converts B3 to thecessary form for the growth rate

functions. The cells B6, B7, ... are the face-specgfiowth rates that are functions of C3.
Starting from A6, all the cells in A will have thHiamily color codes and the cell just next to it
will be a function of C3. Remember that this shontd SHEET 1 of your excel file. You can

name the excel file anything and save it anywhargaur computer.

On the next page you will see a screenshot ofxhbeldile. The data shown here is that of Alum
crystal.
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Figure 2: Growth Rate Functions of Alum crystal
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4.0USING THE APPLICATION

Please read the following step-wise instructions using MorphologyDomain application.
Alternatively, you can also see the video tutanahe main folder.

4.1 Choosing File

Once you have opened the application, the firsigtlyou need to do is choose an excel file as an
input with Miller indices and color codes. For thelick on “File” button. Then choose the excel
file which you want as the input. Then, click ong€&h”. Then, wait for sometime till the
application reads the excel file. As soon as tleekfile is read, you will be able to see the excel
file path on the edit box beside the “File” buttdyiter this, you can proceed further.

2} MorphologyDomain
File:

RO Ha R

— et the properties hen

@201 2 Doraiswami Ramkrishna (ramkrishi@ecn purdus du)

Figure 3: Main window of MorphologyDomain application
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Figure 4: Choosing Miller indices excel file

} ‘MorphologyDomain

File:

REODHSE

22012 Daorsiswami Ramkrishna (ramkrish@@ecn. purdue edu)

— Set the properties her

CeParul Work Worphology Distribution'Released Version'Examplesialum

Lakel humker

Figure5: The path name will be displayed after the exdellfas been read
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4.2 L attice parameter input

After file selection, you need to give lattice paeter input. In the 6 edit boxes below the push
button “File”, type a, b, c, alpha, beta, and ganimite order given.

} MorphologyDomain g@@

File:

ST HLE

— et the properties het

DParul WorkWorpholocy Distribution 1 Wersion'E: fall "uml File ‘

@ 2012 Doraisveami Ramkrishng (ramkrish@ecn purtue edu)

Figure 6: Typing Lattice parameters
4.3 Viewing the Morphology Graph

After you are done with all the inputs, click on 6kphology Graph” button. A bidirected graph
of Morphology Set is produced with first order tsd@ions. Each node of the graph is associated
with a label number and the corresponding eleméniMorphology set. The edges of the
Morphology Graph represent the conditions for motpyy transformations. The different kinds
of face transitions can be identified from the edgé the Morphology Graph. Each edge
connects a set with its subset and the differemcéhe cardinality of the connected sets
determines the order of transition. The higher otdensitions involve different kinds of faces
disappearing or appearing simultaneously, which e@$o be explained by the linear
combinations of first order transitions. To see iflation among the families for every possible
domain, click on “Morphology Domain” button. On aling, a table will pop up. It will be a
matrix with dimension ‘number of edges of the graptnumber of families + 3'. The third last
column shows the edge number for every relatiahénplot. The last two columns will show the
label numbers of the two nodes forming that edge.
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Every possible domain on the plot has a label nurabsociated with it which is written to the

left side of the point. Now, if you want to see trgstal shape for a possible morphology, type
its label number in the label number edit box drehtclick on “Generate Shape”. Upon clicking,

a waitbar and a figure will pop up. Wait till theaitbar closes (Or you can click on cancel to
close it if you don’'t want to see the shape). Oteewaitbar closes automatically, you will be

able to see a representative crystal morphologgesponding to the Morphology domain on the
new figure window.

To check potential needles/plates, click on “Shéeedles/Plates” button. Upon clicking, all
potential needles/plates morphologies will be eniclred. If no morphology is a potential
needle/plate, nothing will be circled.

To check which geometric family corresponds to \Wutgolor, click on “Color Code” button.

} MorphologyDomain
File

UG HSE

1h2h3 — Set the properties her

CrParul Work Worphology Distributior 1 WersioniExamplesialum Fil ‘

[2fh1h2 Th3 h2h3

@ 2012 Doraiswami Ramkrishna (rambrishi@ecn purdue.edu)

Figure 7: A bidirected graph generated after clicking on ‘figliology Graph”
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Figure 8: First three elements of a row vectors are the comapts of Normal vectors of

Morphology Domain and the last three elementslaertdices of edge and the connected nodes.
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1 1 ‘ 1 an a0 an
a ] 3 @ B T
Zh1h2 Tha h2h3
Lakel Mumber
(5h1 2 h3
@ 2012 Doraiswami Ramkrishna (ramkrishi@ecn purdue edu)

Figure 9: Typing a label number to see the correspondingesha
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4.4 Accessible Region Analysis

If you want to find out what all morphologies aleassible for a particular supersaturation, you
need to do the accessible region analysis. Thes&dde Region of steady-state morphologies in
the Morphology Domain can be determined from thengin rate functions alone. For this, you
firstly need to give an input of the growth ratendtion excel sheet. Click on “Load Growth
Rate” button and then select the excel file with ghowth rate function. Click on “Open” button.
Once the excel file has been read, the file pathbgi shown on the edit box just above “Load
Growth Rate” button. After this, type a valid sugmuvration value on the edit box
“supersaturation”. After typing, click on “Show Aesgsible Regions” button. Wait for sometime
till a new Morphology Graph is plotted with greemes joining the nodes which are the
accessible morphology domains for that supersaburaglue. If no green lines appear then the
accessible domain is the Morphology Domain corredpw to label 1.

You can see the steady shape (shape attained stibady state is reached for that
supersaturation) by clicking on “Steady Shape”doutiA new figure will pop up after a waitbar.
Wait till the waitbar closes after which the shayk be generated on the figure.

BEE]

Look in: ] 159 Alum j 4= £ -
,J ¥ Document
Recent 2 Miler Indices ALLIM §=et the properties her
;E-t
" \DeParulvWorkWorphology Distribution'F ‘ersion’E: 1] JLim; File
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--i ! a b c o B ¥
ry Computer
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Files of tupe: 1AII Filez _vJ Cancel
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@ 2012 Doraisywatmi Ramkrishna (ramkrish@ecn purdue.edu)

Figure 13: Choosing the Growth Rate Function excel file
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Figure 14: A path name will be displayed after the excel lfitss been read
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Figure 15: Typing a value of Supersaturation
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Figure 17: Morphology Graph with accessible domains connegfi¢ green edges

Page | 22



A G B Al —
LA O HSE S@HQ|+&:\®L@£@ID@

2

<) Figure 1 El[i]@

rsiomExamples\alum File:

an an

o B ¥

2¥h1hz

P.ooesihble Region Analysis

D Parul WorkWorghalogy Distt

@ 201 2 Doraisvwatni Ramkrizhna (ramkrishi@ecn purdue edu)
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4.5 Using toolbar options
You can zoom in, zoom out and pan the plot imageguse toolbar options.

You can also save the graph as an image in theatoyau want. Note that if you save, the whole
window image will be saved along with the plot. Jave, go to “file” in the menu bar and then
click on “Save as”.

To resume back to the original setup of the imageple click on the graph image with any of
the toolbar options. This means that select anph@ftool bar options, and then double click on
the plot image. Then, the plot image will go bagkt$ original size and placing.
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Figure 19: Zoomed-in plot image
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Figure 20: Zoomed-out plot image
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Figure 21: Panning plot image to the right
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Figure 22: Saving the figure
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5.0 GLOSSARY

Word M eaning

Morphology Shape or Habit of a crystal

Miller Indices | Miller indices are a notation system crystallography for planes and
directions in crystal (Bravais) lattices.

Lattice Parameters defining the unit cell of a crystaidattthat is, the length of one pf
Parameters the edges of the unit cell or an angle betweensdge

112

Supersaturation The term supersaturation refers to a solution tattains more of th
dissolved material than could be dissolved by thleent under the solubility
amount.

Steady State A state or condition of a system ocgss (as one of the energy states of an
atom ) that does not change in time

Reference:

1. Meenesh R. Singh, Parul Verma, Hsien-Hsin Tung, il&dra
Bordawekar and Doraiswami Ramkrishna, “A Novel Methfor
Crystal Morphology Screeningsuibmitted.
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