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Elements & Phases

°*  Phase:

A physically distinctive form of matter, such as a solid, liquid, gas or plasma. A phase of matter is
characterized by having relatively uniform

chemical and physical properties.
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Diffent Phases - Different XRD Pattern
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Phase Identification - SiO2
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How does PXRD work?
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Powder Diffraction Pattern
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Diffraction by Planes of Atom

» Path difference A = 2x => phase shift
» Constructive interference if A = nA

 Criterion for constructive interference: A = 2d sin( g) = nAi /\/ /\
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Diffraction by Planes of Atom
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Diffraction Intensities - Structure factor

* The structure factor quantifies the amplitude of X-rays scattered by a crystal
* F, sums the result of scattering from all of the atoms in the unit cell to form a diffraction peak from the (hk/) planes of atoms

* The amplitude of scattered light is determined by:
* where the atoms are on the (hk/) planes
> this is expressed by the fractional coordinates X; Y; Z;
* what atoms are on the atomic planes
> the scattering factor f; quantifies the relative efficiency of scattering at any angle by the group of electrons in each atom



Diffraction Intensities - Atomic scattering factor
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																												0.19		31.0713383159		31.0940099953		31.8102910842		31.5792126304		5.9491048025

																												0.2		30.6352956484		30.6751004516		31.3549996312		31.1879736711		5.7494983991

																												0.21		30.2030467172		30.2532759929		30.9065225891		30.7916606661		5.5552806464

																												0.22		29.7741220616		29.8301359663		30.4639448951		30.3917081936		5.3667770847

																												0.23		29.3484186731		29.4071612253		30.0266523013		29.9894769591		5.1841947498

																												0.24		28.9261343068		28.985708395		29.5943271152		29.5862470043		5.007647668

																												0.25		28.5076910214		28.567006387		29.166916221		29.1832123635		4.8371797292

																												0.26		28.0936593744		28.1521549988		28.7445829206		28.7814771183		4.6727842689

																												0.27		27.6846904875		27.7421254083		28.3276520743		28.3820527807		4.5144200389

																												0.28		27.2814596606		27.3377623493		27.9165555824		27.9858569181		4.3620235565

																												0.29		26.8846225955		26.9397877446		27.5117828531		27.5937129206		4.2155180563

																												0.3		26.4947835866		26.5488055692		27.1138388429		27.2063508019		4.0748194421

																												0.31		26.1124741118		26.1653077185		26.7232106545		26.8244089203		3.9398397379

																												0.32		25.7381399065		25.7896806639		26.3403425626		26.4484365043		3.8104885842

																												0.33		25.3721346199		25.4222126939		25.96561866		26.0788968679		3.6866733168

																												0.34		25.0147183789		25.0631015528		25.5993519777		25.7161712042		3.5682981225

																												0.35		24.6660598796		24.7124623091		25.2417788438		25.3605628493		3.4552627027

																												0.36		24.3262409337		24.3703353063		24.8930573091		25.0123019181		3.347460788

																												0.37		23.995262661		24.0366940689		24.5532686127		24.6715502177		3.2447787664

																												0.38		23.6730527307		23.7114530568		24.2224208372		24.3384063537		3.1470946037

																												0.39		23.3594732171		23.3944751806		23.9004540752		24.0129109526		3.0542771626

																												0.4		23.0543287494		23.0855790093		23.5872465827		23.6950519324		2.9661859636

																												0.41		22.757374719		22.7845456157		23.2826215208		23.3847697597		2.8826713862

																												0.42		22.4683253658		22.4911250228		22.9863539864		23.0819626414		2.8035752707

																												0.43		22.1868616051		22.2050422236		22.6981781071		22.7864916043		2.7287318599

																												0.44		21.9126384903		21.9260027583		22.4177940322		22.498185425		2.6579690074

																												0.45		21.6452922283		21.6536978435		22.144874694		22.2168453748		2.5911095735

																												0.46		21.384446687		21.3878090516		21.8790722451		21.9422497545		2.5279729348

																												0.47		21.1297193484		21.1280125473		21.6200241002		21.6741581954		2.4683765355

																												0.48		20.8807266804		20.8739828905		21.3673585317		21.4123157076		2.4121374232

																												0.49		20.6370889095		20.6253964196		21.1206997844		21.156456465		2.3590737176

																												0.5		20.3984341926		20.3819342307		20.8796726858		20.9063073132		2.3090059738

																												0.51		20.1644021933		20.1432847709		20.6439067425		20.6615909971		2.261758413

																												0.52		19.9346470813		19.9091460642		20.4130397211		20.4220291018		2.2171600002

																												0.53		19.7088399767		19.6792275905		20.1867207224		20.1873447094		2.1750453606

																												0.54		19.4866708726		19.4532518389		19.964612762		19.9572647712		2.1352555299

																												0.55		19.2678500693		19.2309555556		19.7463948809		19.7315222012		2.0976385418

																												0.56		19.0521091619		19.0120907087		19.5317638098		19.5098576974		2.0620498596

																												0.57		18.8392016214		18.7964251911		19.3204352192		19.2920213001		2.0283526622

																												0.58		18.6289030146		18.5837432839		19.1121445872		19.0777736972		1.9964179978

																												0.59		18.4210109048		18.3738459016		18.9066477196		18.8668872888		1.9661248179

																												0.6		18.215344479		18.1665506398		18.7037209592		18.6591470249		1.9373599085

																												0.61		18.0117439413		17.9616916494		18.5031611206		18.4543510308		1.910017733

																												0.62		17.8100697146		17.7591193537		18.3047851851		18.2523110356		1.8840002001

																												0.63		17.6102014875		17.5587000335		18.108429793		18.0528526197		1.8592163738

																												0.64		17.412037142		17.3603152955		17.9139505643		17.8558152984		1.8355821363

																												0.65		17.2154915938		17.1638614459		17.7212212818		17.6610524582		1.8130198176

																												0.66		17.0204955742		16.969248785		17.5301329645		17.4684311622		1.7914578018

																												0.67		16.8269943795		16.7764008399		17.3405928592		17.2778318412		1.7708301209

																												0.68		16.6349466096		16.5852535523		17.1525233751		17.0891478873		1.7510760441

																												0.69		16.4443229156		16.3957544336		16.9658609829		16.902285164		1.7321396692

																												0.7		16.2551047724		16.2078617014		16.7805550977		16.717161449		1.7139695238

																												0.71		16.0672832891		16.0215434104		16.5965669642		16.5337058227		1.6965181798

																												0.72		15.8808580687		15.8367765848		16.4138685553		16.3518580157		1.6797418855

																												0.73		15.6958361237		15.6535463658		16.2324415001		16.1715677274		1.6636002182

																												0.74		15.5122308551		15.4718451773		16.0522760478		15.9927939255		1.6480557598

																												0.75		15.3300610984		15.2916719203		15.8733700768		15.8155041381		1.6330737952

																												0.76		15.1493502373		15.1130311993		15.6957281545		15.6396737449		1.6186220365

																												0.77		14.9701253885		14.9359325846		15.5193606524		15.4652852765		1.6046703705

																												0.78		14.7924166553		14.7603899156		15.3442829187		15.2923277281		1.5911906309

																												0.79		14.6162564489		14.5864206455		15.1705145098		15.1207958924		1.5781563936

																												0.8		14.441678876		14.41404523		14.9980784816		14.9506897173		1.5655427945

																												0.81		14.2687191889		14.2432865599		14.8270007397		14.7820136906		1.5533263678

																												0.82		14.0974132952		14.0741694381		14.6573094468		14.6147762561		1.5414849044

																												0.83		13.9277973237		13.9067201006		14.4890344865		14.4489892624		1.5299973277

																												0.84		13.7599072423		13.7409657793		14.3222069792		14.2846674446		1.5188435862

																												0.85		13.5937785242		13.5769343074		14.1568588497		14.1218279424		1.508004561

																												0.86		13.4294458583		13.4146537632		13.9930224411		13.9604898519		1.4974619859

																												0.87		13.2669429004		13.2541521524		13.8307301737		13.8006738128		1.4871983803

																												0.88		13.1063020607		13.0954571253		13.6700142449		13.6424016298		1.4771969913

																												0.89		12.9475543255		12.9385957278		13.5109063663		13.4856959268		1.4674417454

																												0.9		12.7907291076		12.7835941832		13.3534375366		13.3305798335		1.4579172079

																												0.91		12.6358541239		12.6304777032		13.1976378449		13.1770767027		1.4486085485

																												0.92		12.4829552975		12.4792703253		13.0435363038		13.0252098566		1.4395015128

																												0.93		12.3320566798		12.3299947739		12.8911607073		12.8750023605		1.4305823979

																												0.94		12.1831803921		12.1826723448		12.7405375124		12.7264768225		1.4218380324

																												0.95		12.0363465831		12.0373228094		12.5916917422		12.5796552175		1.4132557584

																												0.96		11.8915734016		11.8939643364		12.4446469061		12.4345587325		1.4048234174

																												0.97		11.7488769807		11.7526134315		12.2994249377		12.2912076342		1.3965293362

																												0.98		11.6082714345		11.6132848904		12.1560461466		12.1496211538		1.3883623156

																												0.99		11.4697688629		11.4759917661		12.0145291838		12.0098173908		1.3803116197

																												1		11.333379366		11.3407453473		11.8748910172		11.8718132309		1.3723669654

																												1.01		11.1991110645		11.2075551477		11.7371469184		11.7356242802		1.3645185125

																												1.02		11.0669701278		11.0764289042		11.6013104575		11.6012648106		1.3567568545

																												1.03		10.9369608059		10.9473725832		11.4673935053		11.4687477181		1.3490730091

																												1.04		10.8090854668		10.8203903947		11.3354062429		11.3380844911		1.3414584079

																												1.05		10.6833446379		10.695484812		11.205357176		11.2092851886		1.3339048872

																												1.06		10.5597370503		10.5726565968		11.0772531554		11.0823584259		1.3264046778

																												1.07		10.438259686		10.4519048299		10.9510994007		10.9573113689		1.3189503943

																												1.08		10.3189078276		10.3332269449		10.8268995287		10.834149734		1.311535025

																												1.09		10.2016751104		10.2166187663		10.7046555842		10.7128777951		1.3041519205

																												1.1		10.0865535752		10.1020745501		10.5843680738		10.5934983941		1.2967947831

																												1.11		9.9735337232		9.9895870273		10.4660360028		10.4760129579		1.2894576547

																												1.12		9.862604572		9.8791474494		10.3496569127		10.3604215174		1.2821349061

																												1.13		9.7537537117		9.7707456355		10.2352269218		10.2467227317		1.2748212244

																												1.14		9.6469673626		9.6643700215		10.1227407662		10.1349139142		1.2675116017

																												1.15		9.5422304324		9.5600077097		10.0121918429		10.0249910619		1.260201323

																												1.16		9.4395265746		9.45764452		9.9035722528		9.9169488864		1.2528859543

																												1.17		9.3388382461		9.3572650418		9.7968728455		9.8107808474		1.2455613306

																												1.18		9.2401467655		9.2588526855		9.6920832643		9.7064791875		1.238223544

																												1.19		9.1434323707		9.1623897359		9.5891919914		9.6040349685		1.2308689323

																												1.2		9.0486742765		9.0678574041		9.4881863941		9.5034381089		1.2234940667

																												1.21		8.9558507319		8.9752358809		9.3890527708		9.4046774217		1.2160957412

																												1.22		8.8649390767		8.884504389		9.2917763967		9.3077406544		1.2086709606

																												1.23		8.7759157977		8.7956412357		9.1963415707		9.2126145279		1.2012169302

																												1.24		8.6887565838		8.7086238647		9.102731661		9.1192847768		1.1937310446

																												1.25		8.6034363813		8.6234289079		9.0109291509		9.0277361901		1.1862108775

																												1.26		8.5199294473		8.5400322366		8.9209156852		8.9379526515		1.1786541714

																												1.27		8.4382094029		8.458409012		8.8326721144		8.8499171803		1.1710588284

																												1.28		8.3582492854		8.3785337347		8.7461785409		8.763611972		1.1634228998

																												1.29		8.2800215993		8.3003802943		8.6614143623		8.6790184386		1.1557445779

																												1.3		8.2034983663		8.2239220174		8.5783583164		8.5961172495		1.1480221868

																												1.31		8.1286511744		8.149131715		8.496988524		8.5148883711		1.1402541741

																												1.32		8.0554512254		8.0759817292		8.4172825317		8.4353111069		1.132439103

																												1.33		7.983869382		8.0044439782		8.3392173543		8.3573641368		1.1245756445

																												1.34		7.9138762128		7.9344900018		8.2627695162		8.2810255559		1.1166625703

																												1.35		7.845442037		7.8660910037		8.1879150918		8.2062729132		1.1086987458

																												1.36		7.7785369664		7.7992178947		8.1146297457		8.1330832493		1.1006831234

																												1.37		7.7131309481		7.7338413339		8.0428887713		8.0614331336		1.0926147366

																												1.38		7.6491938039		7.6699317683		7.9726671297		7.9912987013		1.0844926938

																												1.39		7.5866952697		7.6074594723		7.9039394862		7.9226556891		1.0763161729

																												1.4		7.525605033		7.5463945853		7.8366802473		7.8554794708		1.0680844162

																												1.41		7.4658927692		7.4867071482		7.770863596		7.7897450915		1.0597967253

																												1.42		7.4075281762		7.4283671388		7.7064635262		7.7254273016		1.0514524565

																												1.43		7.3504810082		7.3713445061		7.6434538762		7.6625005899		1.0430510166

																												1.44		7.2947211076		7.3156092026		7.5818083615		7.6009392158		1.0345918589

																												1.45		7.2402184358		7.2611312168		7.5215006063		7.5407172405		1.0260744793

																												1.46		7.1869431025		7.2078806029		7.4625041737		7.4818085578		1.0174984127

																												1.47		7.1348653938		7.15582751		7.4047925954		7.4241869236		1.0088632301

																												1.48		7.0839557988		7.1049422104		7.3483394003		7.3678259847		1.0001685351

																												1.49		7.0341850347		7.055195126		7.2931181417		7.312699307		0.9914139612

																												1.5		6.9855240709		7.0065568535		7.2391024238		7.2587804022		0.9825991696

																												1.51		6.9379441515		6.9589981888		7.186265927		7.206042754		0.9737238462

																												1.52		6.891416817		6.9124901499		7.1345824321		7.1544598437		0.9647876996

																												1.53		6.8459139234		6.8670039988		7.0840258438		7.1040051737		0.9557904589

																												1.54		6.8014076621		6.8225112616		7.0345702127		7.0546522918		0.9467318723

																												1.55		6.7578705764		6.7789837485		6.9861897564		7.0063748131		0.9376117046

																												1.56		6.7152755786		6.7363935714		6.93885888		6.9591464416		0.9284297361

																												1.57		6.6735959642		6.6947131612		6.8925521949		6.9129409911		0.9191857608

																												1.58		6.6328054267		6.6539152839		6.8472445372		6.8677324048		0.9098795854

																												1.59		6.5928780698		6.6139730551		6.8029109846		6.823494774		0.9005110278

																												1.6		6.5537884192		6.5748599541		6.759526873		6.7802023563		0.891079916

																												1.61		6.5155114331		6.5365498362		6.717067811		6.7378295925		0.881586087

																												1.62		6.4780225118		6.4990169447		6.6755096949		6.6963511227		0.8720293861

																												1.63		6.4412975059		6.4622359212		6.6348287216		6.6557418017		0.8624096656

																												1.64		6.4053127243		6.4261818158		6.5950014012		6.6159767136		0.8527267846

																												1.65		6.3700449402		6.390830095		6.5560045681		6.577031185		0.8429806078

																												1.66		6.3354713967		6.3561566502		6.5178153923		6.5388807981		0.8331710049

																												1.67		6.3015698118		6.3221378044		6.4804113888		6.5015014023		0.8232978504

																												1.68		6.2683183821		6.2887503178		6.4437704263		6.464869126		0.8133610226

																												1.69		6.2356957854		6.2559713935		6.4078707358		6.428960386		0.8033604034

																												1.7		6.2036811834		6.2237786815		6.3726909177		6.3937518979		0.7932958778

																												1.71		6.1722542226		6.1921502823		6.3382099482		6.3592206844		0.7831673333

																												1.72		6.1413950354		6.1610647499		6.3044071854		6.3253440837		0.77297466

																												1.73		6.1110842398		6.1305010936		6.2712623743		6.2920997567		0.7627177499

																												1.74		6.0813029389		6.1004387796		6.2387556508		6.2594656936		0.7523964967

																												1.75		6.0520327191		6.0708577315		6.2068675459		6.22742022		0.7420107955

																												1.76		6.0232556487		6.0417383305		6.1755789885		6.1959420021		0.7315605429
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Diffraction Intensities - Temperature Factor
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= B=0 | a
35 A — B =1
——B=10  Efficiency of scattering by an atom is reduced because the atom
30 7 and its electrons are not stationary - atom is vibrating about its
o5 equilibrium lattice site
- 20 \ \\ * The amount of vibration is quantified by the Debye-Waller
\ \\ temperature factor:
15 \ \ \ * B=8m2U?, U?is the mean-square amplitude of the vibration
10 * thisis for isotropic vibration: sometimes B is broken down
: \ \ \ into six Bij anisotropic terms if the amplitude of vibration is
k ¥ not the same in all directions.
0 ‘ ‘ ‘ * aka temperature factor, displacement factor, thermal
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																												0.1		35.3675396548		34.4250809019		36.3702933		34.6118037139		7.8439522512		0.1		36.3702933		36.0084028351		32.9092022828

																												0.11		34.8478647771		34.1180002971		35.8256309794		34.3377851875		7.6417470171		0.11		35.8256309794		35.3947529139		31.7427256716

																												0.12		34.3369545083		33.7904069581		35.2851451847		34.0442717996		7.4330669335		0.12		35.2851451847		34.7806799608		30.5529749039

																												0.13		33.8376367883		33.444318785		34.7533005949		33.7328315159		7.2201223473		0.13		34.7533005949		34.1709049197		29.3494717744

																												0.14		33.3509090083		33.0817902472		34.2328012819		33.4050781574		7.0049236288		0.14		34.2328012819		33.5683710634		28.139781481

																												0.15		32.8764100418		32.7048876667		33.7248690807		33.062654377		6.7892540506		0.15		33.7248690807		32.9745324678		26.9298549364

																												0.16		32.4129017165		32.3156657271		33.2295797334		32.7072151156		6.5746555635		0.16		33.2295797334		32.3896988359		25.7244122769

																												0.17		31.9587042386		31.9161455836		32.7462124483		32.3404117803		6.3624263848		0.17		32.7462124483		31.8133911012		24.5273128045

																												0.18		31.5120498054		31.5082948916		32.2735767254		31.9638773562		6.1536287508		0.18		32.2735767254		31.2446711174		23.3418721891

																												0.19		31.0713383159		31.0940099953		31.8102910842		31.5792126304		5.9491048025		0.19		31.8102910842		30.6824201318		22.1711048208

																												0.2		30.6352956484		30.6751004516		31.3549996312		31.1879736711		5.7494983991		0.2		31.3549996312		30.1255525103		21.0178847962

																												0.21		30.2030467172		30.2532759929		30.9065225891		30.7916606661		5.5552806464		0.21		30.9065225891		29.5731616393		19.8850312194

																												0.22		29.7741220616		29.8301359663		30.4639448951		30.3917081936		5.3667770847		0.22		30.4639448951		29.0246030037		18.7753314212

																												0.23		29.3484186731		29.4071612253		30.0266523013		29.9894769591		5.1841947498		0.23		30.0266523013		28.4795246944		17.691519444

																												0.24		28.9261343068		28.985708395		29.5943271152		29.5862470043		5.007647668		0.24		29.5943271152		27.9378581352		16.6362274085

																												0.25		28.5076910214		28.567006387		29.166916221		29.1832123635		4.8371797292		0.25		29.166916221		27.3997821		15.611925242

																												0.26		28.0936593744		28.1521549988		28.7445829206		28.7814771183		4.6727842689		0.26		28.7445829206		26.8656717719		14.6208607781

																												0.27		27.6846904875		27.7421254083		28.3276520743		28.3820527807		4.5144200389		0.27		28.3276520743		26.3360423536		13.6650083809

																												0.28		27.2814596606		27.3377623493		27.9165555824		27.9858569181		4.3620235565		0.28		27.9165555824		25.8114941625		12.7460306669

																												0.29		26.8846225955		26.9397877446		27.5117828531		27.5937129206		4.2155180563		0.29		27.5117828531		25.2926636732		11.8652549864

																												0.3		26.4947835866		26.5488055692		27.1138388429		27.2063508019		4.0748194421		0.3		27.1138388429		24.780182871		11.0236642326

																												0.31		26.1124741118		26.1653077185		26.7232106545		26.8244089203		3.9398397379		0.31		26.7232106545		24.2746476873		10.2219002371

																												0.32		25.7381399065		25.7896806639		26.3403425626		26.4484365043		3.8104885842		0.32		26.3403425626		23.7765951946		9.4602773578

																												0.33		25.3721346199		25.4222126939		25.96561866		26.0788968679		3.6866733168		0.33		25.96561866		23.286488594		8.7388036985

																												0.34		25.0147183789		25.0631015528		25.5993519777		25.7161712042		3.5682981225		0.34		25.5993519777		22.804708728		8.0572075429

																												0.35		24.6660598796		24.7124623091		25.2417788438		25.3605628493		3.4552627027		0.35		25.2417788438		22.3315507944		7.4149669052

																												0.36		24.3262409337		24.3703353063		24.8930573091		25.0123019181		3.347460788		0.36		24.8930573091		21.8672250256		6.8113404863

																												0.37		23.995262661		24.0366940689		24.5532686127		24.6715502177		3.2447787664		0.37		24.5532686127		21.4118602635		6.2453987113

																												0.38		23.6730527307		23.7114530568		24.2224208372		24.3384063537		3.1470946037		0.38		24.2224208372		20.96550955		5.7160538739

																												0.39		23.3594732171		23.3944751806		23.9004540752		24.0129109526		3.0542771626		0.39		23.9004540752		20.5281570367		5.2220887092

																												0.4		23.0543287494		23.0855790093		23.5872465827		23.6950519324		2.9661859636		0.4		23.5872465827		20.0997256742		4.7621829541

																												0.41		22.757374719		22.7845456157		23.2826215208		23.3847697597		2.8826713862		0.41		23.2826215208		19.6800852772		4.3349376396

																												0.42		22.4683253658		22.4911250228		22.9863539864		23.0819626414		2.8035752707		0.42		22.9863539864		19.2690606584		3.9388970002

																												0.43		22.1868616051		22.2050422236		22.6981781071		22.7864916043		2.7287318599		0.43		22.6981781071		18.8664396101		3.5725679883

																												0.44		21.9126384903		21.9260027583		22.4177940322		22.498185425		2.6579690074		0.44		22.4177940322		18.4719805655		3.2344374565

																												0.45		21.6452922283		21.6536978435		22.144874694		22.2168453748		2.5911095735		0.45		22.144874694		18.0854198214		2.9229871178

																												0.46		21.384446687		21.3878090516		21.8790722451		21.9422497545		2.5279729348		0.46		21.8790722451		17.7064782367		2.6367064321

																												0.47		21.1297193484		21.1280125473		21.6200241002		21.6741581954		2.4683765355		0.47		21.6200241002		17.3348673494		2.3741035816

																												0.48		20.8807266804		20.8739828905		21.3673585317		21.4123157076		2.4121374232		0.48		21.3673585317		16.9702948744		2.1337147085

																												0.49		20.6370889095		20.6253964196		21.1206997844		21.156456465		2.3590737176		0.49		21.1206997844		16.6124695656		1.9141115875

																												0.5		20.3984341926		20.3819342307		20.8796726858		20.9063073132		2.3090059738		0.5		20.8796726858		16.261105438		1.7139079037

																												0.51		20.1644021933		20.1432847709		20.6439067425		20.6615909971		2.261758413		0.51		20.6439067425		15.9159253588		1.5317642917

																												0.52		19.9346470813		19.9091460642		20.4130397211		20.4220291018		2.2171600002		0.52		20.4130397211		15.5766640283		1.3663922862

																												0.53		19.7088399767		19.6792275905		20.1867207224		20.1873447094		2.1750453606		0.53		20.1867207224		15.2430703767		1.2165573168

																												0.54		19.4866708726		19.4532518389		19.964612762		19.9572647712		2.1352555299		0.54		19.964612762		14.9149094143		1.0810808681

																												0.55		19.2678500693		19.2309555556		19.7463948809		19.7315222012		2.0976385418		0.55		19.7463948809		14.5919635737		0.9588419134

																												0.56		19.0521091619		19.0120907087		19.5317638098		19.5098576974		2.0620498596		0.56		19.5317638098		14.2740335882		0.8487777153

																												0.57		18.8392016214		18.7964251911		19.3204352192		19.2920213001		2.0283526622		0.57		19.3204352192		13.9609389542		0.7498840799

																												0.58		18.6289030146		18.5837432839		19.1121445872		19.0777736972		1.9964179978		0.58		19.1121445872		13.6525180242		0.6612151339

																												0.59		18.4210109048		18.3738459016		18.9066477196		18.8668872888		1.9661248179		0.59		18.9066477196		13.3486277782		0.5818826938

																												0.6		18.215344479		18.1665506398		18.7037209592		18.6591470249		1.9373599085		0.6		18.7037209592		13.0491433227		0.5110552802

																												0.61		18.0117439413		17.9616916494		18.5031611206		18.4543510308		1.910017733		0.61		18.5031611206		12.7539571591		0.4479568308

																												0.62		17.8100697146		17.7591193537		18.3047851851		18.2523110356		1.8840002001		0.62		18.3047851851		12.4629782689		0.3918651557

																												0.63		17.6102014875		17.5587000335		18.108429793		18.0528526197		1.8592163738		0.63		18.108429793		12.1761310528		0.3421101781

																												0.64		17.412037142		17.3603152955		17.9139505643		17.8558152984		1.8355821363		0.64		17.9139505643		11.8933541632		0.2980719944

																												0.65		17.2154915938		17.1638614459		17.7212212818		17.6610524582		1.8130198176		0.65		17.7212212818		11.6145992624		0.2591787927

																												0.66		17.0204955742		16.969248785		17.5301329645		17.4684311622		1.7914578018		0.66		17.5301329645		11.3398297377		0.2249046564

																												0.67		16.8269943795		16.7764008399		17.3405928592		17.2778318412		1.7708301209		0.67		17.3405928592		11.0690193999		0.1947672859

																												0.68		16.6349466096		16.5852535523		17.1525233751		17.0891478873		1.7510760441		0.68		17.1525233751		10.8021511879		0.1683256637

																												0.69		16.4443229156		16.3957544336		16.9658609829		16.902285164		1.7321396692		0.69		16.9658609829		10.5392158992		0.145177688

																												0.7		16.2551047724		16.2078617014		16.7805550977		16.717161449		1.7139695238		0.7		16.7805550977		10.2802109619		0.1249577975

																												0.71		16.0672832891		16.0215434104		16.5965669642		16.5337058227		1.6965181798		0.71		16.5965669642		10.0251392622		0.1073346092

																												0.72		15.8808580687		15.8367765848		16.4138685553		16.3518580157		1.6797418855		0.72		16.4138685553		9.7740080366		0.0920085861

																												0.73		15.6958361237		15.6535463658		16.2324415001		16.1715677274		1.6636002182		0.73		16.2324415001		9.5268278372		0.0787097535

																												0.74		15.5122308551		15.4718451773		16.0522760478		15.9927939255		1.6480557598		0.74		16.0522760478		9.2836115743		0.0671954763

																												0.75		15.3300610984		15.2916719203		15.8733700768		15.8155041381		1.6330737952		0.75		15.8733700768		9.0443736403		0.0572483114

																												0.76		15.1493502373		15.1130311993		15.6957281545		15.6396737449		1.6186220365		0.76		15.6957281545		8.8091291156		0.0486739443

																												0.77		14.9701253885		14.9359325846		15.5193606524		15.4652852765		1.6046703705		0.77		15.5193606524		8.5778930565		0.0412992193

																												0.78		14.7924166553		14.7603899156		15.3442829187		15.2923277281		1.5911906309		0.78		15.3442829187		8.3506798638		0.0349702687

																												0.79		14.6162564489		14.5864206455		15.1705145098		15.1207958924		1.5781563936		0.79		15.1705145098		8.1275027297		0.029550746

																												0.8		14.441678876		14.41404523		14.9980784816		14.9506897173		1.5655427945		0.8		14.9980784816		7.9083731586		0.0249201664

																												0.81		14.2687191889		14.2432865599		14.8270007397		14.7820136906		1.5533263678		0.81		14.8270007397		7.6933005594		0.0209723556

																												0.82		14.0974132952		14.0741694381		14.6573094468		14.6147762561		1.5414849044		0.82		14.6573094468		7.4822919044		0.0176140068

																												0.83		13.9277973237		13.9067201006		14.4890344865		14.4489892624		1.5299973277		0.83		14.4890344865		7.2753514489		0.0147633447

																												0.84		13.7599072423		13.7409657793		14.3222069792		14.2846674446		1.5188435862		0.84		14.3222069792		7.0724805091		0.0123488945

																												0.85		13.5937785242		13.5769343074		14.1568588497		14.1218279424		1.508004561		0.85		14.1568588497		6.873677291		0.0103083527

																												0.86		13.4294458583		13.4146537632		13.9930224411		13.9604898519		1.4974619859		0.86		13.9930224411		6.6789367673		0.0085875552

																												0.87		13.2669429004		13.2541521524		13.8307301737		13.8006738128		1.4871983803		0.87		13.8307301737		6.4882505963		0.0071395391

																												0.88		13.1063020607		13.0954571253		13.6700142449		13.6424016298		1.4771969913		0.88		13.6700142449		6.3016070791		0.0059236924

																												0.89		12.9475543255		12.9385957278		13.5109063663		13.4856959268		1.4674417454		0.89		13.5109063663		6.1189911506		0.0049049874

																												0.9		12.7907291076		12.7835941832		13.3534375366		13.3305798335		1.4579172079		0.9		13.3534375366		5.9403843999		0.0040532909

																												0.91		12.6358541239		12.6304777032		13.1976378449		13.1770767027		1.4486085485		0.91		13.1976378449		5.7657651165		0.0033427477

																												0.92		12.4829552975		12.4792703253		13.0435363038		13.0252098566		1.4395015128		0.92		13.0435363038		5.5951083589		0.0027512297

																												0.93		12.3320566798		12.3299947739		12.8911607073		12.8750023605		1.4305823979		0.93		12.8911607073		5.4283860424		0.0022598471

																												0.94		12.1831803921		12.1826723448		12.7405375124		12.7264768225		1.4218380324		0.94		12.7405375124		5.2655670426		0.0018525149

																												0.95		12.0363465831		12.0373228094		12.5916917422		12.5796552175		1.4132557584		0.95		12.5916917422		5.1066173124		0.0015155713

																												0.96		11.8915734016		11.8939643364		12.4446469061		12.4345587325		1.4048234174		0.96		12.4446469061		4.9515000103		0.0012374414

																												0.97		11.7488769807		11.7526134315		12.2994249377		12.2912076342		1.3965293362		0.97		12.2994249377		4.8001756368		0.0010083424

																												0.98		11.6082714345		11.6132848904		12.1560461466		12.1496211538		1.3883623156		0.98		12.1560461466		4.652602178		0.000820027

																												0.99		11.4697688629		11.4759917661		12.0145291838		12.0098173908		1.3803116197		0.99		12.0145291838		4.5087352541		0.000665559

																												1		11.333379366		11.3407453473		11.8748910172		11.8718132309		1.3723669654		1		11.8748910172		4.3685282714		0.0005391192

																												1.01		11.1991110645		11.2075551477		11.7371469184		11.7356242802		1.3645185125		1.01		11.7371469184		4.2319325764		0.0004358374

																												1.02		11.0669701278		11.0764289042		11.6013104575		11.6012648106		1.3567568545		1.02		11.6013104575		4.0988976111		0.0003516473

																												1.03		10.9369608059		10.9473725832		11.4673935053		11.4687477181		1.3490730091		1.03		11.4673935053		3.9693710672		0.0002831617

																												1.04		10.8090854668		10.8203903947		11.3354062429		11.3380844911		1.3414584079		1.04		11.3354062429		3.8432990409		0.0002275663

																												1.05		10.6833446379		10.695484812		11.205357176		11.2092851886		1.3339048872		1.05		11.205357176		3.7206261843		0.0001825278

																												1.06		10.5597370503		10.5726565968		11.0772531554		11.0823584259		1.3264046778		1.06		11.0772531554		3.601295855		0.0001461165

																												1.07		10.438259686		10.4519048299		10.9510994007		10.9573113689		1.3189503943		1.07		10.9510994007		3.485250263		0.0001167401

																												1.08		10.3189078276		10.3332269449		10.8268995287		10.834149734		1.311535025		1.08		10.8268995287		3.3724306132		0.0000930879

																												1.09		10.2016751104		10.2166187663		10.7046555842		10.7128777951		1.3041519205		1.09		10.7046555842		3.2627772444		0.0000740832

																												1.1		10.0865535752		10.1020745501		10.5843680738		10.5934983941		1.2967947831		1.1		10.5843680738		3.1562297641		0.0000588439

																												1.11		9.9735337232		9.9895870273		10.4660360028		10.4760129579		1.2894576547		1.11		10.4660360028		3.0527271783		0.0000466487

																												1.12		9.862604572		9.8791474494		10.3496569127		10.3604215174		1.2821349061		1.12		10.3496569127		2.9522080167		0.0000369093

																												1.13		9.7537537117		9.7707456355		10.2352269218		10.2467227317		1.2748212244		1.13		10.2352269218		2.854610453		0.0000291468

																												1.14		9.6469673626		9.6643700215		10.1227407662		10.1349139142		1.2675116017		1.14		10.1227407662		2.7598724197		0.0000229724

																												1.15		9.5422304324		9.5600077097		10.0121918429		10.0249910619		1.260201323		1.15		10.0121918429		2.6679317178		0.0000180711

																												1.16		9.4395265746		9.45764452		9.9035722528		9.9169488864		1.2528859543		1.16		9.9035722528		2.5787261216		0.0000141881

																												1.17		9.3388382461		9.3572650418		9.7968728455		9.8107808474		1.2455613306		1.17		9.7968728455		2.4921934775		0.0000111181

																												1.18		9.2401467655		9.2588526855		9.6920832643		9.7064791875		1.238223544		1.18		9.6920832643		2.4082717979		0.0000086956

																												1.19		9.1434323707		9.1623897359		9.5891919914		9.6040349685		1.2308689323		1.19		9.5891919914		2.3268993494		0.0000067879

																												1.2		9.0486742765		9.0678574041		9.4881863941		9.5034381089		1.2234940667		1.2		9.4881863941		2.2480147363		0.0000052886

																												1.21		8.9558507319		8.9752358809		9.3890527708		9.4046774217		1.2160957412		1.21		9.3890527708		2.1715569782		0.0000041126

																												1.22		8.8649390767		8.884504389		9.2917763967		9.3077406544		1.2086709606		1.22		9.2917763967		2.0974655828		0.000003192

																												1.23		8.7759157977		8.7956412357		9.1963415707		9.2126145279		1.2012169302		1.23		9.1963415707		2.0256806137		0.0000024727

																												1.24		8.6887565838		8.7086238647		9.102731661		9.1192847768		1.1937310446		1.24		9.102731661		1.9561427529		0.0000019119

																												1.25		8.6034363813		8.6234289079		9.0109291509		9.0277361901		1.1862108775		1.25		9.0109291509		1.8887933588		0.0000014754

																												1.26		8.5199294473		8.5400322366		8.9209156852		8.9379526515		1.1786541714		1.26		8.9209156852		1.8235745195		0.0000011364

																												1.27		8.4382094029		8.458409012		8.8326721144		8.8499171803		1.1710588284		1.27		8.8326721144		1.7604291007		0.0000008737

																												1.28		8.3582492854		8.3785337347		8.7461785409		8.763611972		1.1634228998		1.28		8.7461785409		1.6993007906		0.0000006704

																												1.29		8.2800215993		8.3003802943		8.6614143623		8.6790184386		1.1557445779		1.29		8.6614143623		1.6401341389		0.0000005134

																												1.3		8.2034983663		8.2239220174		8.5783583164		8.5961172495		1.1480221868		1.3		8.5783583164		1.5828745932		0.0000003925

																												1.31		8.1286511744		8.149131715		8.496988524		8.5148883711		1.1402541741		1.31		8.496988524		1.5274685298		0.0000002995

																												1.32		8.0554512254		8.0759817292		8.4172825317		8.4353111069		1.132439103		1.32		8.4172825317		1.4738632821		0.000000228

																												1.33		7.983869382		8.0044439782		8.3392173543		8.3573641368		1.1245756445		1.33		8.3392173543		1.4220071643		0.0000001733

																												1.34		7.9138762128		7.9344900018		8.2627695162		8.2810255559		1.1166625703		1.34		8.2627695162		1.3718494924		0.0000001315

																												1.35		7.845442037		7.8660910037		8.1879150918		8.2062729132		1.1086987458		1.35		8.1879150918		1.3233406009		0.0000000996

																												1.36		7.7785369664		7.7992178947		8.1146297457		8.1330832493		1.1006831234		1.36		8.1146297457		1.2764318575		0.0000000753

																												1.37		7.7131309481		7.7338413339		8.0428887713		8.0614331336		1.0926147366		1.37		8.0428887713		1.2310756736		0.0000000568

																												1.38		7.6491938039		7.6699317683		7.9726671297		7.9912987013		1.0844926938		1.38		7.9726671297		1.1872255126		0.0000000427

																												1.39		7.5866952697		7.6074594723		7.9039394862		7.9226556891		1.0763161729		1.39		7.9039394862		1.1448358958		0.0000000321

																												1.4		7.525605033		7.5463945853		7.8366802473		7.8554794708		1.0680844162		1.4		7.8366802473		1.1038624049		0.0000000241

																												1.41		7.4658927692		7.4867071482		7.770863596		7.7897450915		1.0597967253		1.41		7.770863596		1.0642616828		0.000000018

																												1.42		7.4075281762		7.4283671388		7.7064635262		7.7254273016		1.0514524565		1.42		7.7064635262		1.0259914319		0.0000000135

																												1.43		7.3504810082		7.3713445061		7.6434538762		7.6625005899		1.0430510166		1.43		7.6434538762		0.9890104107		0.0000000101

																												1.44		7.2947211076		7.3156092026		7.5818083615		7.6009392158		1.0345918589		1.44		7.5818083615		0.9532784278		0.0000000075

																												1.45		7.2402184358		7.2611312168		7.5215006063		7.5407172405		1.0260744793		1.45		7.5215006063		0.918756335		0.0000000056

																												1.46		7.1869431025		7.2078806029		7.4625041737		7.4818085578		1.0174984127		1.46		7.4625041737		0.8854060178		0.0000000041

																												1.47		7.1348653938		7.15582751		7.4047925954		7.4241869236		1.0088632301		1.47		7.4047925954		0.8531903853		0.0000000031

																												1.48		7.0839557988		7.1049422104		7.3483394003		7.3678259847		1.0001685351		1.48		7.3483394003		0.8220733583		0.0000000023

																												1.49		7.0341850347		7.055195126		7.2931181417		7.312699307		0.9914139612		1.49		7.2931181417		0.792019856		0.0000000017

																												1.5		6.9855240709		7.0065568535		7.2391024238		7.2587804022		0.9825991696		1.5		7.2391024238		0.762995782		0.0000000012

																												1.51		6.9379441515		6.9589981888		7.186265927		7.206042754		0.9737238462		1.51		7.186265927		0.7349680091		0.0000000009

																												1.52		6.891416817		6.9124901499		7.1345824321		7.1544598437		0.9647876996		1.52		7.1345824321		0.7079043632		0.0000000007

																												1.53		6.8459139234		6.8670039988		7.0840258438		7.1040051737		0.9557904589		1.53		7.0840258438		0.6817736063		0.0000000005

																												1.54		6.8014076621		6.8225112616		7.0345702127		7.0546522918		0.9467318723		1.54		7.0345702127		0.656545419		0.0000000004

																												1.55		6.7578705764		6.7789837485		6.9861897564		7.0063748131		0.9376117046		1.55		6.9861897564		0.6321903828		0.0000000003

																												1.56		6.7152755786		6.7363935714		6.93885888		6.9591464416		0.9284297361		1.56		6.93885888		0.6086799607		0.0000000002

																												1.57		6.6735959642		6.6947131612		6.8925521949		6.9129409911		0.9191857608		1.57		6.8925521949		0.5859864788		0.0000000001

																												1.58		6.6328054267		6.6539152839		6.8472445372		6.8677324048		0.9098795854		1.58		6.8472445372		0.5640831067		0.0000000001

																												1.59		6.5928780698		6.6139730551		6.8029109846		6.823494774		0.9005110278		1.59		6.8029109846		0.542943838		0.0000000001

																												1.6		6.5537884192		6.5748599541		6.759526873		6.7802023563		0.891079916		1.6		6.759526873		0.5225434704		0.0000000001

																												1.61		6.5155114331		6.5365498362		6.717067811		6.7378295925		0.881586087		1.61		6.717067811		0.5028575859		0

																												1.62		6.4780225118		6.4990169447		6.6755096949		6.6963511227		0.8720293861		1.62		6.6755096949		0.4838625308		0

																												1.63		6.4412975059		6.4622359212		6.6348287216		6.6557418017		0.8624096656		1.63		6.6348287216		0.4655353958		0

																												1.64		6.4053127243		6.4261818158		6.5950014012		6.6159767136		0.8527267846		1.64		6.5950014012		0.447853996		0

																												1.65		6.3700449402		6.390830095		6.5560045681		6.577031185		0.8429806078		1.65		6.5560045681		0.4307968515		0

																												1.66		6.3354713967		6.3561566502		6.5178153923		6.5388807981		0.8331710049		1.66		6.5178153923		0.414343167		0

																												1.67		6.3015698118		6.3221378044		6.4804113888		6.5015014023		0.8232978504		1.67		6.4804113888		0.3984728133		0

																												1.68		6.2683183821		6.2887503178		6.4437704263		6.464869126		0.8133610226		1.68		6.4437704263		0.3831663073		0

																												1.69		6.2356957854		6.2559713935		6.4078707358		6.428960386		0.8033604034		1.69		6.4078707358		0.3684047936		0

																												1.7		6.2036811834		6.2237786815		6.3726909177		6.3937518979		0.7932958778		1.7		6.3726909177		0.3541700253		0

																												1.71		6.1722542226		6.1921502823		6.3382099482		6.3592206844		0.7831673333		1.71		6.3382099482		0.3404443462		0

																												1.72		6.1413950354		6.1610647499		6.3044071854		6.3253440837		0.77297466		1.72		6.3044071854		0.3272106722		0

																												1.73		6.1110842398		6.1305010936		6.2712623743		6.2920997567		0.7627177499		1.73		6.2712623743		0.3144524741		0

																												1.74		6.0813029389		6.1004387796		6.2387556508		6.2594656936		0.7523964967		1.74		6.2387556508		0.3021537599		0

																												1.75		6.0520327191		6.0708577315		6.2068675459		6.22742022		0.7420107955		1.75		6.2068675459		0.2902990582		0

																												1.76		6.0232556487		6.0417383305		6.1755789885		6.1959420021		0.7315605429		1.76		6.1755789885		0.2788734014		0

																												1.77		5.994954275		6.0130614148		6.1448713078		6.1650100517		0.7210456363		1.77		6.1448713078		0.2678623098		0

																												1.78		5.9671116215		5.9848082787		6.1147262352		6.1346037296		0.710465974		1.78		6.1147262352		0.2572517758		0

																												1.79		5.9397111841		5.9569606704		6.0851259051		6.1047027497		0.6998214551		1.79		6.0851259051		0.2470282484		0

																												1.8		5.9127369271		5.9295007905		6.0560528563		6.0752871813		0.6891119791		1.8		6.0560528563		0.2371786188		0

																												1.81		5.8861732787		5.9024112887		6.0274900313		6.0463374519		0.6783374459		1.81		6.0274900313		0.2276902053		0

																												1.82		5.8600051264		5.875675261		5.9994207764		6.0178343486		0.6674977557		1.82		5.9994207764		0.2185507398		0

																												1.83		5.8342178108		5.8492762458		5.9718288406		5.9897590193		0.6565928091		1.83		5.9718288406		0.209748354		0

																												1.84		5.8087971211		5.8231982203		5.9446983745		5.9620929736		0.6456225065		1.84		5.9446983745		0.2012715662		0

																												1.85		5.7837292879		5.7974255958		5.918013928		5.9348180831		0.6345867483		1.85		5.918013928		0.1931092684		0

																												1.86		5.7590009779		5.7719432129		5.8917604484		5.907916581		0.6234854351		1.86		5.8917604484		0.1852507142		0

																												1.87		5.7345992865		5.7467363366		5.8659232779		5.8813710614		0.6123184671		1.87		5.8659232779		0.1776855065		0

																												1.88		5.7105117314		5.7217906508		5.8404881504		5.8551644783		0.6010857444		1.88		5.8404881504		0.1704035862		0

																												1.89		5.6867262452		5.6970922526		5.8154411879		5.8292801441		0.5897871669		1.89		5.8154411879		0.1633952207		0

																												1.9		5.6632311683		5.6726276463		5.7907688974		5.8037017279		0.5784226341		1.9		5.7907688974		0.1566509935		0

																												1.91		5.6400152413		5.648383737		5.7664581663		5.778413253		0.5669920453		1.91		5.7664581663		0.1501617933		8.26822242987385E-16

																												1.92		5.6170675971		5.6243478248		5.7424962587		5.7533990942		0.5554952993		1.92		5.7424962587		0.1439188045		5.61395516694262E-16

																												1.93		5.5943777535		5.6005075975		5.7188708101		5.7286439755		0.5439322947		1.93		5.7188708101		0.1379134968		3.8043032605278E-16

																												1.94		5.571935605		5.576851124		5.6955698234		5.7041329662		0.5323029293		1.94		5.6955698234		0.1321376164		2.57294237389536E-16

																												1.95		5.5497314147		5.5533668475		5.6725816631		5.6798514778		0.5206071008		1.95		5.6725816631		0.1265831764		1.73673310359635E-16

																												1.96		5.5277558063		5.5300435782		5.6498950507		5.6557852604		0.5088447063		1.96		5.6498950507		0.1212424487		1.16999380952597E-16

																												1.97		5.5059997557		5.5068704863		5.6274990586		5.6319203979		0.4970156423		1.97		5.6274990586		0.1161079551		7.86648796990097E-17

																												1.98		5.484454583		5.4838370943		5.605383105		5.6082433048		0.4851198051		1.98		5.605383105		0.1111724594		5.27866901619748E-17

																												1.99		5.463111944		5.4609332699		5.5835369479		5.5847407207		0.47315709		1.99		5.5835369479		0.1064289596		3.53519697133643E-17

																												2		5.441963822		5.4381492185		5.561950679		5.5613997064		0.4611273923		2		5.561950679		0.1018706802		2.36291368346478E-17





Sheet2

		





Sheet3

		






Exp. Structure Factor Calculations

The simplest case of a unit cell containing only one atom at the origin,
i.e., having fractional coordinates 0 0 0. Its structure factor is

F = erTL'i(O)’.
F2 — fZ

F?is thus independent of h, k, and / and is the same for all reflections.

Consider the base-centered cell with two atoms of the same kind per
unit cell located at 00 0 and % % %.

F o= ferm), £o2mi(3+3+3)

f[l + eZni(h+k+l)]
F =2f when(h+k+1) iseven; F? = 4f2
F =0 when (h+k +1) isodd; F2 = 0




Exp. Structure Factor Simulation
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Crystals and Symmetry

Imagine...
**» having to describe an infinite crystal with an infinite number of atoms

’0

» or even a finite crystal, with some 10%° atoms

Sounds horrible?... Well, there’s symmetry to help you out! Instead of an infinite number of atoms, you only

need to describe the contents of one-unit cell, the structural repeating motif...

*» and life could be even easier, if there are symmetry elements present inside the unit cell!
** you only need to describe the if this is the case
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Single Crystal vs Powder Diffraction
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XRD Machine

- : Detector




PXRD fingerprints

* A particular phase (particular atoms arranged in a particular crystal structure) gives a
particular set of diffractions peaks

Peak intensities

e Atoms on each site

¢ Quantitative analysis

e Texture/Preferred Orientation

Crystal
structure

Peak positions Profile width and shape

e Instrument contributions
e Space group

e Microstructure of sample

* Lattice parameters (Size, strain, stacking faults, ...)

Background

e Scattering from sample environment (air, sample holder, ...)
e |ocal order / disorder
e Amorphous phase amounts, "degree of crystallinity"



Quality of PXRD

CaMnOx (Coupled TwoTheta/Theta)
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Peak —

Peak/Bkg ~0.5

: Fe contained
— Bkg Absolute Intensity means Nothing!
won Indicator of Data Quality: Peak to Background Ratio !
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Phase Analysis Flow Chart

XRD (Emission,
Radius, Optics,
Detector)

A 4

RAW data (.brml,
.raw, .xy)

EVA

_| Qualitative Analysis

Tk

| TOPAS

Quantitative

(Search and Match)

A

Stick pattern

ICDD-PDF4

Analysis
(Rietveld analysis)

A

Refinement report

- Diffractogram

- R-factors

- Structure

- QPA

- Crystallite Size

- Preferred
Orientation

- etc.

A

*.CIF, *.STR

(Database)

Refined Structure files
-  *.CIF
- *STR




ICDD PDF-4+ 2021 Database (444.133)
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Nucleation & Grain Boundary

Angle of misalignment

Y71 — High-angle
grain boundary

1 5mall-angle
grain boundary

. \
{d} Angle of misalignment



Sampel Broadening - Crystallite Size
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Particle Crystal (Crystallite R 60mains
« Consists of - Infinite, 3D « Small crystals « Coherently
several, periodic lattice « Possibly held diffracting
separated together through volumes without
crystals - Surface 2 2D defective 2D defects
defect \_ boundaries VAN )

Indirectly determined Underlying source of
Topas 6 - Technical Reference (2017) by PXRD size broadening



Lattice - Surroundings (Surface Energy)

infinite arrangement of points in space (3D) / in the plane (2D) / on a line (1D),

Lattice

in which all points have the same surrounding
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Texture Analysis

Crystal orientation dictates:
Strength
Elasticity
Hardness
Thermal expansion
Conductivity
Optical properties
Magnetic properties
etc

Crystal
orientation in
cold rolled
steel
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Residual Stress Analysis
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Micro-Diffraction

Crime scene
samples

Color
pigment




Thin Film - XRR

1/10%mm

Reflectivity information:

v DenSity Surface

Roughness

v Thi . . .
Thicknesses % X-rays interact with the whole film

Film
v Roughness Density 4 < Thickness 0.1 - 1,000 nm
By %* Structural scale > nm measurement

v Interface quality % o< 7°or (20 < 14°)



Thin Film - Depth Profile Analysis
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Thin Film - Reciprocal Space Map
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Micro-Diffraction

Crime scene
samples

Color
pigment




Short Range Order
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Polimer Crystalline States
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Whole Powder Pattern Modeling

% Dislocation

30000 - .
e
e fﬁj’ff{ﬁﬂ; o
25000 : {féfﬁ},ﬁ” bl
L, - l.l.l"l'llulII '
20000 4
z
c 150004
3
10000 - _- ; b -, T .
' Grain Surface
50004 ' < Relaxation
0

Instrumental Frofile Faulting Steichiometry fluctuations

Gomain size Diglocatians zrain surface relaxzotion

: Additienal line broadening sources can be included through the correspending FTs L

Refer to Prof. Matteo Leoni, Matteo.Leoni@unitn.it



The Structure Fourier Transform

Crystal Space Reciprocal Space
X-Ray
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Intensity (cts)
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2theta (deg)

Electron/nuclear density map Fourier Synthesis



Electron Density Map
Mn -0 - Mn

ul

Fobs electron density maps to visualize the difference in the

position of oxygen atoms on the b-axis and the distribution
of electrons due to the bonding mechanism

max scale (red) : 10 e/A3




Electron Density Map
(Ho0.669 Ca0.331 Mn0O3) ..

Fcalc (Fobs — Fcalc)

max scale (red): 75.6 e/A3 max scale (red): 75.4 e/A3 max scale (red): 2 e/A3

Fobs :  Fourier electron density map from Observed data

Fcalc : Fourier electron density map from Calculated structure

Fobs-Fcalc : Fourier electron density difference (indicate if calculated structure are
match with observed data)




Electron Density Map From impurity phase
(Ho0.799 Ca0.201 MnO3) b

Fcalc (Fobs — Fcalc)

max scale (red): 88.6 e/A3 max scale (red): 86.4 e/A3 max scale (red): 2 e/A3

Fobs :  Fourier electron density map from Observed data

Fcalc : Fourier electron density map from Calculated structure

Fobs-Fcalc : Fourier electron density difference (indicate if calculated structure are
match with observed data)




Electron Density Map
(Ho0.812 Ca0.188 MnO3)

%E Ho/Ca 0

Fobs

Fobs
Fcalc
Fobs-Fcalc

From impurity phase

Fcalc obs — Fcalc)
max scale (red): 84.5 e/A3 max scale (red): 83.3 e/A3 ax scale (red): 2 e/A3

\

Fourier electron density map from Observed data

Fourier electron density map from Calculated structure

Fourier electron density difference (indicate if calculated structure are
match with observed data)



What are the Differences?

Fourier Synthesis Maximum Entropy Method



Fourier Synthesis

N\ A&




Maximum Entropy Method




Electron Density profile of P-O bonds

electron density (e/A’)

M N=
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Electron Density profile of P-O bonds

electron density (e/A%)
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bond distance (A)
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electron density (e/A’)
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bond distance (A)
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Electron Density profile of P-O bonds

electron density (e/A’)
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bond distance (A)

—O0— Ca2-01
—A— Ca2-02

—v— Ca2-03

N
n [J
n‘ VAv J

-F
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Visualizing crystal structivre evolution ot electrode
materials iwpon doping and ditring
charge/discharge cycles in lithium-ion batteries

Drorggnesi - fing Tar Waskd Sarwas & ChongluYaoa | fchui U L Vot Uiarg ®, Tived Pang ™, Vans

W Tharg . Jia Hong Fan 088 https://doi.org/10.1016/j.xpro.2021.101099

DFT
Calculation
{12 h)

Highlights

+ Monodisperse Ta%—dﬂped L1,7ZnT1305 spheres from Ti0; spheres as
self-template

+ DFT and electron density calculations for crystal structure parameters

-y
(2

- .;...
Electron ™
Density ]
Calculation
G h)

135
o
in-situ XRD

Analysis
{20 h)

+ In-situ XRD analysis to visualize crystal structure evolution of electrodes
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Intensity (a.u.)
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Structural, magnetic and magnetocaloric

properiies ol double perovskile TTo,MMnOg (M =

Fe, Co, and Ni)
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m‘ Study of structural, magnetic, and magnetocalorie
properties of Ho,_,Ca,MnO,
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Stru_ctural, magnetic, and magnetocaloric properties of
SCIENTIFIC R2NiMnOg (R = Eu, Gd, Tb)

REPLIRTS e £ ) et e A e 1K 1.5, Ptk
? k. P Shinde, E. ). Lee, B Manawan, & Lee, S-Y. Park, Y. Jo, B Ko, 1 M. Kim 8& 1. 5. Park https://doi.org/lO.1038/541598-021-99755-2
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Visualizing lithium ions in the crystal structure of LizPO,4 by in situ neutron diffraction
M. Manawan' ', E. Kartini and M. Avdeev

https://doi.org/10.1107/S1600576721008700
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https://doi.org/10.1107/S1600576721008700
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Unveiling the Formation Mechanism and Phase Purity Control of Nanostructured LisTis04; via a
Hydrothermal Process

Kaiming Li, Xundonag Dai, Maykal Manawan, Qing Wang*, and Jia Hang Pan*
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https://pubs.acs.org/doi/10.1021/acs.cgd.1c00727

Saolid-state self-template synthesis of Ta-doped
Li-ZnTi2Og spheres for efficient and durable
lithium storage

Clongresi Ma,” Jizhai L' g Yang,” Chengfu ¥ana,) Magkel Manzwan, Yooari Lang* Tog =eng,”

https://doi.org/10.1016/j.isci.2021.102991
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https://doi.org/10.1016/j.isci.2021.102991

=
nS

o I
s L
-
]
|..= L
R
i
-
= [
i i
i il i A AT TP i e ke i | BRI
DO2 GUR 10D TO0M S92 996 100 104 ggz  gug
2theta (deg)
R0 e B L B B Lo e ) o e i N B PR
[ p=0° T p=45 T g=90
o018 L ol o ®
o0 [ 1 o ]
= RIS G Q i
i 1 1 o
5 o002 F o + © 1
o [ T T
Eh.CW0e ) o 0 - o
i ﬂ | L= D 1
[,[H]Uf‘_ul PRI A | I ||||--| PO T I T | T T T T |||-||| PO T
0 003 006 DO 012 0 003 006 D0% 002 0 D03 0
Sitl:'q.l
1 MNormal Stress shear Stress
P (MPa) (MPa)
[ 1093 +£21.2 2R TE6.1
45 G0+ |94 256185
1Y) Q9194 20185

(a)

Cromanits

XRD Residual Stress and Texture Analysis on 6082T Aluminum Alloy

Maykel Manawan'#, Sovian Aritonang'®, Masayu Elita’<,
Antonius Suban Hali*®, Nono Darsono®®, Toto Sudiro™,
Permono Adi Putro®™9, Risdiana®"

https://doi.org/10.4028/www.scientific.net/MSF.1028.409

()

8,000
B, 000
e
5,000|
8,000
a.0m|
3,000
2,008/
B o]

.
5215 523 SIS E23 GRS SR4 5345 52§ 57ES
Atheta (deg)

40 53 EX M B S 00 1D 12D 930 140
Ztheta (deg)

Frooaaliy irne!


https://doi.org/10.4028/www.scientific.net/MSF.1028.409

Crystal Characterization of Anionic Salt Compounds as Composite of
. Solid Propellant Oxidizing Agent

Sovian Aritonang’?, Mavkel Manawan'™, Mas Ayu E. H', Timbul Siahaan’,
Shofi Muktiana 5.7, Hanung Bayu Setiawan’', Sih Wur Andayani®,
. Gaos Abdul Karim?, Alfiz Muhammad Qizwini®, Otong Nurhilal?,
Togar Saragi®, Risdiana® https://doi.org/10.4028/www.scientific.net/MSF.1028.269

ic)

o e .o
g 0.} $
a ~2
fahe% ﬂ"’é*u
%

Intensity (crs)

pd

kL] | |

- E
e e e L e B e B B e B B e o e e B e B o B B e e o o e i {‘t} --: ”_' [h-} i
i w 003 8 = ]
N B =] B i
20000 KNO: £ B¢ .30+ i
E 2 - [ 3 ]
E & :
2 o6l &
E St
= 0.01 - 2 ]
E
o -
. 0 - - =

2 30 40 50 &0 70 20 ) F 120 . .
2theta (deg) N C1' e KN, KO0, KO0


https://doi.org/10.4028/www.scientific.net/MSF.1028.269

Fropress in Matral Science: Malerials Intermalional 30 (20200 166-173

Conents lists available at Sciencelvirect

Progress in Natural Science: Materials International

PO e

jxurnal homepags: waw.elsevier comdocate’/ pnsmi

Original research

Intensity (a.u)

Solid electrolyte composite LisP20-~LiPO, for lithium ion battery )

Fvvy Kartini™ , Valentina Yapriadi®, Heri Jodi®, Maykel Manawan®, Cipta Panghegar”,

riry i I e iining
Wahyudianingsih®

"oEnter (o Science and Teoinolery of Advanced Mdaeral, Vanoed Maoclear Snergy Agency, South Tangerang, 15924, Indenesie
" ully of Enginreriear Lok Libsemaly, G0

= Energy Engtuoenig, Latare S Fabaeciile, Benok, donsin

! Eedyterinique Inatitre of SWuclenr Technmlogy, Fagestonts, Incknesia

Table 2 (LN T RORR Y i T TR T T YRt g L
Gomd distamce caleuliwan of guenched samples a0 800 °C, B00 °C and 900 "G IIF.-I v 1'{]' : Illi IIH . 1‘1 - I:l.lﬁl : -I‘II'.II 2L d-ld
B i BN O 0 Ithetn
Lk Libd LidqF2nT Lidkom Lipan? LiGFos
Laond Cesiance Lond Listangs  Pond Listaoce  Bood Listance  Dond Listanes  Pond DEmane 1)
Lil - O LE7? Lil -3 1,512 Lil - | B Lil Rl 1347 Lil - [ 1 AEG Lil - 011 1S4
- 1.95 -{114 1.8R7 - 01 1.95 - {13 1534 - ¥l 1.94%9 - 15 1,55
-4 1.074 -1 1.U7d -0 1.U74 k] 158 - 1LU7E - 013 1.55u
ik} LS sy 1.bHY (2] 1.5 [P 2007 L+ 1475 az Ly
Liz -5 L3 Liz - 1.565 Liz - O Lels Li2 -l 143 Lig - g 813 Li2 - 01 L%% L
- o2 L5 - {18 1567 -2 1.5 -2 1 54q -2 1,94 - 03 LS !
- 05 2 =411 1.7306 - 06 FAL LS -3 195 - (15 .0nn% -5 1.9 W
L | 01 a1 1.587 L | E00E ol 13392 (3 2.01 €13 1.592
Lil -3 L &45 Li% -4 Lars Lid -3 LB Lk - K LAES
- a2 .57+ -{1e 1.A%4 - 02 |.G7Z - ¥2 1.873
- 07 Z0585 - 01 1.0197 - 07 ZrEd - a7 08k
o L1053 a1l 1.0457 L] L1035 (0 2104
Lid a5 L argh Li4 ae 1507 Lid G LS 14 ¥ 1,535
-0 1925 =41 1.894 - 05 1024 - 15 1.93¢
- 04 AL -{Ik 1.035 -0l FA LR -4 A0E
€1l 2011 e 1540 ] FRLIE (1 2011
L -ud 1514
-7 1.914
-4Z 1.271
ai 1.473




Contentz lists availahle at ScienceDirect

Powder Technology

journal homepage: www _elsevier.com/locate/powiec

In-situ synthesis and characterization of nano-structured NiAl-Al-04
composite during high energy ball milling

A TETEE TS
Maryam Beyhaghi **, Jalil Vahdati Khaki ®, Maykel Manawan ““, Alireza Kiani-Rashid ",
Mehrdad Kashefi ®, Stefan Jonsson ©
4 Department of Meralbungy and Cemmies, Focalny of Erpineering Mashhad Braner, Elmmic Ansd Unfveriny, Mashhad, I
 Depastmens of Metallurgical ond Moteriak Engineering, Ferdowsi Universicy of Meshhad, 21775 1111 Mashivad, Iren
* Depentmend of Physics, {nfeersitas Indanesin, Depok 16434, Incdnmesin
Y Frempy Frigineering Paftebmik Negery fakonte, Do 1224, Inddenesda
* Department of Materials Science and Engineering, Roval kstitute of Technology, SE- 10044 Stockhon, Sweden 100 — | . —— , —T
i i P S SR S 3 —-1

1“1 i T T T rrrrg T T L L L T T T rrry T L LI L Hn — Dﬂ'd--l =
i L (a) ] i) > i ]
=] _ “]P ag = _‘&*n.
= = ) =4 G = = ﬁﬂ L= —
-y Nl ] FOF 3 =
aE P T’ o . =
“ | % E 40" i
.1 -E | : c =M1 =
= B z LA --8--NiAl 4
= @ 10 = - o s A0
S b 4 £ : SR A 7
o 1 E = Nial —. | ""-ﬁ a S s UL ¢ ] e o - QR - 4 @

P i \ : | | . 7 ﬂ gl %_L'E_ITa'-'EIIIJ I I g 1 5
1 1 L L L1 1 L 1 ] L1 ] L 1 L_L L 1 L A L L1 n 1
10 i’ 10° i’ 10 10

Milling Time (hr) Milling Time (hr) Milling Time (hr)



«thw"‘mn.rﬁ i Contents lists available at ScienceDirect
Ll S

Catalysis Today

journal homepage: www. elsevier.com/locate/cattod

Anatase and rutile in evonik aeroxide P25: Heterojunctioned or individual
nanoparticles?

Xiongzhen Jiang™', Maykel Manawan™', Ting Feng®, Ruifeng l‘.}mn Ting Zhao", Guanda Zhou",
Fantai Kong", Qing Wang™*, Songyuan Dai”, Jia Hong Pan™

* Beijing Key Labwrsitory of Evrgy Safene and (lean [atizmtion, Schon! of Benesable Erengg, Mo Chica Fleotrs Powir Dinfwersity, Beifing 10230, Chine

¥ Creamlography end Difreceion Lab, Maeterial Scderce, Deparmnent of Plvelcs, Facudny of Mathemarics and Nofumal Sciences, Undversing ndonesia, Depok 16424,
Ired avaesia

= School of Metalursical and Eoological Engineering, Universing of Science & Technology Befjing, Heging 1000EY, Ching

4 Eey Leboratory of Novel Thin Pl Solar Cells, Irstimpe of Applied Techmalogy, Chinese Academy of Scientos, Hefed 230051, China

= Inpartenr of Maoterials Science amd Enmnesnng Fooulty of Eamnesring Nohonal Lintversiye of Siaanare, Smganare 112578, Smanpane

' 000096
o-wa9

anatase o rutile

(b) o= '
an __I-'_- = o] _.|-':|.: 3
-'-. I o -
~3 . 5
& g N
ko An - .,
- El:.:mn "M W 4
= w 5
£ srd e ¢ ;
B \ P4 |4
E‘l s f'# e
& o \ ?
-\':i: Rt l.:___.-"'- I'._
20 1 e y
- & --
- -..._1_# e l\;\\ 1
-
o P L
T Ll l'-l
u] 2 4 i
Feactan Time (h)
1a)
PR
. T
el koo A 6
—JI-L-—-—--L--J&-.-K_._-J'--—._.-\—..M——_-—-_“_H_E
_.._..l!.._.l._..,.-._.l._ﬁ_.-\. 4
|

LA

Intensity (a.u.)
F

Y S N S S E
h‘ ||I| I—| | ‘I i .| 1 |
] | ! | |
30 40 40 G0 an )
20 (deg.)

AR



Fhysiva Ik Condensed] Wfatier 551 C2008) 2H0-526

i
L

Physica B: Condensed Matter

Coantents lists available ol Scienceldrect

Fl1.SEVIER journal homepage: www.elsavier.com/locate/physh ——

Neutron diffraction study on LizPOy4 solid electrolyte for lithium ion battery | )

Cheeck e
el

Ewvvy Kartini ™ , Mavkel Manawan "¢ Malcolm F. Collins 9, Maxim Avdeev ©

? Sclence and Techmolegy Conter for Adwanced Magerials, Nafena! Nucksar Breergy Agaecy (BATAND, Iudonesie, Prspiplet Arca, Sopong, Sowdt Tangerang 15314,
Indomesta

* Muaterials Science, Foodey of Matheananc and Nemnal Science, University of Indoneste. S Margonda Roya, Depok, 16424, Indomesia

* Emrgy Fmgineering, Polwechmic Meperd Tk, Depok, T2 Trdonesio

4 Department of Plrysics and Asianomy, Mebaster Dniversine, 1380 MainSreet West, Hamilton, O TA2418 Caneda

© Awsralion Ceure for Mewron Scanering (ACNE], Ausralior Nuclear Setense and Techmolagy (ANSTO). Locked Hog 200, Kirmowes DL NSW, 209 Ausralia




[0 Puhlishing

Jrd Padjadjaran International Physics Symposiom
doi: 10, 10BE 742650 TIEO T A1 2008

10P Cont. Scrics: Joumnal of Physics: Conf. Scries DUSO (2000 8 ) 07 2008

1opP ebooks
Start explnving the colection - download the frst chapter of
very Titho for freo.

Crystallite size determination of barium hexaferrite

nanoparticles using WII-plot and WI'TM

| ‘lrtmlmmlll'”', 1 Sara gi‘, A suka n[li:, I-'ul.'llrmiin!_. 13 HII]'HinHIIs, A Manal®,
EPr I-i-n-inrlijnnllnnI and Risdiana’

Mepartinent of Physics. Thiiversitas Padiadjaran, Sunedme 45363, Tndouesia
1I-Z1iu:1'§' Engmeermyg, Politekmk Negen Jakarta. Depok 16424, ndonesia
‘Diepartiment of Physics. Universitas Indenesia, Depok 16424, Indonesia

mtegrated Tabomtory, Fsa Ungzal University, Jakarta 115710, ndonesia

- Bulk
== Ultrasonic

0.5

044

0.1+

% Wolume

0.0

sin{g)

77T 7 1T T T T " T T T °
00 01 02 03 04 05 0B OT7 08 0% 10

Cry=tallite 2ize (nm}




Future Project - MEM, BVS, BVEL, PDF

Yy
ﬁ u

Wl

1) [H]

Fizare i

Cul s TS5 K. (ob Expericsental Cu-lon distribucon deggrmined by maomom
ooy amelais ol ovwosn dilfiedion date (pdapied wilh pezmission [om
Adipronona s ool (R (0 ard 42) BYS muan dsovalee 008 v amd BYED
Pl =04 oM, B 15 oW datz caloalatics Gor TTSD LGB0 § Adapramasio g
b, My,

CLMLGE o J.'.'I.i&-'.' K. L J.:-:;I-.'.1.|11-.-_"..1
TR TR T IO T AR TR

; imamr s '“l"-\.:- [ETTYERRMETLR bt b LT [ .:l. ':'l"
and h plus sk, :|-|:|.-."- J.'rJ..:-. 1T, T ;.Jnen 2z and he -Ju:un-:r_
Tac bz, mzavaiele theos 7 e BWS e o ravaloe: =00 vales andi= v |

HITH N EX Y :H.II-\."r'. LI FYT FYTRCEFI T 'EH B (A [ty m.'d:

wha

Tras=nl e [

—— —
w
m r e o ——— e ——————

{a] () . e,
Figuse 3 ! .
Fagliglhy s T Lithinnreior disbrist soo oeosclhecl ie Vs GBIt <bika angdyas s r ¥ |
i larpe numbser of uederccoepicd aboamiz sies [spheres) ol with Lo o OVS
map Clovalue =l vt ard 1) BVEL feevalsr —52 eV K —LlleW) dica o £
v rmlabed der BURTT 13880 {Casen, M0 The shaiked smeas represend eegreess, ul on J
Ferwe B enizemanich simad ISV L walmis

- i

Bigsti 1

e s i of b o ey o e R, ol Bed by o M A e e i D e i e e e wed DA T
v e ] T phnowons domarsy soremaenion o e 1 s pedneu ) sy dewnm bl P sop o vhe sedencs w000 0% 0 r Tha S0 e o8 s
e il deierie e bedy e o e med - 8 el B §8 00 A

e o

i e WHa

wi W is

!
sl .
[ | £

L | 4
am an- ]
aid ] 4 A

1 -
e W

e it

||
4

A2F A1 Nk 6 O 9 MR 1T ETE KT ER
-]

e R ———— |
AT 51 AN &) 4m 1 AE B BN BT G
"

M

Teaeer 2

T oot b st CNEWH ool poteotil p o il . il i s Do oy s rnd do0d dod Hb b W spaibite rasss guiiladn fa 0 v vt FO
el iy e b s Dy e R i T b o e s ] o PN, e v ol e b D0 4 | AR i e i
wilve g s ol e G e 0B A i e P~ sl s v b el o sy sl iy omas s kel mcmibd, B cherslare od U il el
ms gy g inkerid

Figure 5
W' falomina, a1 Bay AL O s Tor v 2L Modesedor Denaeiees simulilion
af Ma - fan disr 'I1u|1|'-n RN B ||-:I.||1||:|i1"||'h |'||=|'|111-:'= een Frism Thams | [P T

anc 1e) BWA maap Gisevalioe HLEE v amd AVEL Geovalue 1HeV Fpe 252V

data caloadated bor PUSDY SUGEE {Yonzaeuehi 8 Susuke, Tk






Professional Community & Collaborators

https://www.researchgate.net/profile/Maykel Manawan https://arowkudos.com/projects/crystalloagraphy-and-diffraction
Maykel Manawan
J1 7869 - Dr - Edit your information ’ ' ICDD SCOPUS ID - 57202359553
Crestalograchy Xerav/Neutran Diffraction . . Web of Science ID : O-8852-2018
A A Education Subcommittee ORCHID ID . 0000-0003-3782-1307
Google Scholar . R6tOegMAAAAJ&NI
Introduction SINTA ID : 6193883

hxwkel Manawan currently weorks o a leclurer and researcher ol Indonesia Delerse Universily, A aclive
mernber of the Inlernational Center lor Dillraction Data, 1IC00 (Educalion sub-commilles). Principal lnvestigator
of the Mational Li-ion Battery Program [Battery Research Institute-Conscrtivm]}. Membaear of Baterizl Research
society Indoaesiz, MES-IMA KMamber of Indonesian Megretic Society. Member of Indonesia Meairon Scattening

Society

Skillz and Expertise

i Cry=taliography | | Powder Diffraction | { seutron Diffraction ] { Protein s-ray Crystallography |

{, Lithium lon Betteries | ( Supercanductivity and Supercenduct... | { Magnetic Materizds and Magnetism |

I Density Functional Theory | | Material Characlesization | [ Ancient Histooy )

1 :-:} OYR( L : L o T ‘C - ) WORMRLDY THIS T Oy
"'_:-I"-\.l ' i % ..:-.-. v L] 1 M
LS ik ,{:_It_lg;{, 2 Academia.edu 1)1 ENCYCLOPE DA

DR R T % WS'-'- S



https://www.scopus.com/authid/detail.uri?authorId=57202359553
https://publons.com/researcher/O-8852-2018/
https://orcid.org/0000-0003-3782-1307
https://scholar.google.co.id/citations?user=R6tOeqMAAAAJ&hl=en
https://sinta.ristekbrin.go.id/authors/detail?id=6193883&view=overview
https://www.researchgate.net/profile/Maykel_Manawan
https://growkudos.com/projects/crystallography-and-diffraction

SCIENCE 4% ofi B

(G LEDGE Iﬂﬁﬂf ﬂ"‘ FacT
I ,‘0;_? I KHOWL
a i
I T'S LIKE BESEERC}
{\1 MAG I C Efz’ R 500 % kfi‘ff””
suT REAL @ 7. EE

TERIMA KASIH



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Slide Number 56
	Slide Number 57
	Slide Number 58
	Slide Number 59
	Slide Number 60
	Slide Number 61
	Slide Number 62
	Thank You
	Slide Number 64
	Slide Number 65

