
MSE 403: Synthesis of Materials Fall 2023 
Prof. Qing Cao 
 
Course Description: This class introduces students to the synthesis of inorganic materials.  It will cover solid-
state reactions; formation of thin films from the gas phase; formation of solids from solutions and melts; self-
assembly and self-organization; templated materials; and nanostructured materials. 

Course Objectives: Student will understand the processes, energy balance, and motivation for compound 
formation.  They will be able to practically apply MSE 201, 401, and 402 to specific processes.  Students will 
develop the technical insight into the choice of methodologies for materials synthesis in a variety of systems, and 
the skills to suggest and evaluate reasonable syntheses for a variety of applications.  The goal is to help students 
develop a background in inorganic materials synthesis for related jobs, and prepare them for future research in 
this field in graduate school. 
 
Lectures: Tuesday/Thursday 9:30 – 10:50AM 
4039 Campus Instructional Facility 

Instructor: 

    Prof. Qing Cao (Email: qingcao2@illinois.edu) 
Office hour: 2-3 pm on Friday or by email appointment 

 
Teaching Assistant: 
    Conan Huang (Email: conanlh2@illinois.edu) 

Office hour: TBD 
 
Textbook: U. Schubert and N. Hüsing, Synthesis of Inorganic Materials. 4th Edition.  
 
Grading:  

Homework:                  25% (4% * 5)                
Midterm Exam 1          25% (10/10) 
Midterm Exam 2          25% (11/28) 
Final Poster                  25% 
 
Homework Protocol 

Homework will be posted on Gradescope. Homework will be due in one week.   

For quantitative problems: 
Correct Numerical Answer 20% 
Correct Reasoning 40% 
Correct Units 20% 
Legible Work Shown 20% 
  
For Qualitative problems: 
Reasoning is clear and logical 40% 
Factual statements are correct and based on course material 40% 
Response is legible with correct spelling and grammar 10% 
If requested, Figures or Diagrams are clear and well labeled (if not requested, these points go to the reasoning 
category) 10% 

 

mailto:qingcao2@illinois.edu
mailto:conanlh2@illinois.edu


Final Poster:  

1) You will be assigned to work as a team of four with your classmates. 
2) You can pick any topic related to inorganic material synthesis. Submit your topic of choice to TA on or 

before 11/19. 
3) Grading rubric 

Relevance: Why is this topic interesting or important? 10 
Historical evolution of synthesis OR origin of precursors 10 
Thermodynamic background of synthesis 10 
Choose one: 

Kinetics 
Nucleation and growth 
Catalysis 

10 

Cost and safety considerations 10 
Current state-of-the-art 10 
Processing-properties relationship 10 
Choose one:    
 Proposed new material and synthetic route 
 Improvements to existing synthesis  
 Comparison of synthesis with other materials 
 Scale-up viability   
 Proposed new material and synthetic route 

10 

Text: large enough to be legible, concise. Long paragraphs avoided 5 
Figures: neatly presented, and cited if necessary 5 
Citations: inline, well-formatted, peer-reviewed, no sketchy web sources   5 
Poster Division of Labor: Online form submitted on time 5 
Total 100 

 
 

Syllabus: 

Lecture 1: Introduction and Orientation 

Lecture 2:  Electronic and Ionic bonding 

Lecture 3:  Thermodynamics 

Lecture 4:  Phase Diagrams 

Homework #1 

Lecture 5: Thermal Synthesis  

Lecture 6: Intercalation 

Lecture 7: Chemical Vapor Deposition Part 1 

Lecture 8: Chemical Vapor Deposition Part 2 

Homework #2 

Lecture 9: Physical Vapor Deposition 

Lecture 10: Epitaxy 

Lecture 11: Glass 



Lecture 12: Single Crystal Growth 

Lecture 13: Precipitation 

Homework #3 

Midterm exam 1 

Lecture 14: Biomaterials 

Lecture 15: Electrodeposition 

Lecture 16: Solvothermal Process 

Lecture 17: Sol-gel Process (Part 1) 

Homework #4 

Lecture 18: Sol-gel Process (Part 2) 

Lecture 19: Templated Materials 

Lecture 20: Metal Organic Frameworks  

Lecture 21: Nanomaterials 

Lecture 22: Synthesis of Nanoparticles 

Homework #5 

Lecture 23: Synthesis of 1D and 2D Materials (Part 1) 

Lecture 24: Synthesis of 1D and 2D Materials (Part 2) 

Midterm exam 2 

Lecture 26: Poster Presentation I 

Lecture 27: Poster Presentation II 

Lecture 25: Safety in the Synthesis of Materials 

 

 


	Course Objectives: Student will understand the processes, energy balance, and motivation for compound formation.  They will be able to practically apply MSE 201, 401, and 402 to specific processes.  Students will develop the technical insight into the...
	Teaching Assistant:
	Conan Huang (Email: conanlh2@illinois.edu)


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /JPXEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /JPXEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


