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Infrared spectroscopy of natural Type Ib diamond: Insights into the formation
of Y-centers and the early aggregation of nitrogen ¢
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ABSTRACT

The growing interest in the spectroscopic properties of Type Ib diamonds has revealed several complex-
ities associated with nitrogen (N)-related defects that have yet to be identified. One defect in particular, the
Y-center, produces a characteristic spectrum in the N-region (~1000-1400 cm") that is extremely common
in the IR spectra of diamonds with a dominant 7ype b component. In this study, a suite of 178 Type Ib +
laA diamonds with variable N-aggregation states (%laA) and N contents was examined to evaluate the
effect of Y-center absorbance on the results obtained from standard deconvolution of the N-region. To
achieve this, a new deconvolution routine was developed that incorporates the Y-center spectrum (obtained
by decomposition of Type Ib spectra), and an updated spreadsheet (Caxbd_Inherit_2024-1b, Online
Materialsl) for processing the IR spectra of Type Ib diamonds is provided here. It is shown that neglecting
Y-center absorption during least-squares fitting of the IR spectra of Type Ib + laA diamonds results in
poor-quality fits of the N-region that may result in erroneous C- and A-center contents. The identity of
the ¥Y-center, and the relevant absorption coefficient, have not been constrained. However, several studies
have shown that Y-centers are structurally related to single-substitutional N (called N3 or C-centers); thus,
the Y-center contents were calculated using the C-center absorption coefficient. Using the new deconvolu-
tion method, it is shown that neglecting Y-centers may result in N-aggregation states that vary by 10 %laA
and total N contents (Ni) that may be overestimated by >100 at. ppm. The samples studied here have an
average Niot of ~100 at. ppm, and errors in %laA and Ny, may be much larger for diamonds with higher
Niot- Such errors translate to potentially significant discrepancies in the calculated mantle residence times on
the order of hundreds of millions of years. Comparisons of the normalized ¥-center content and %laA show
that ¥Y-centers are an intermediate defect that is produced from 0 to 40 %laA at the expense of C-centers and
then consumed from 40-100 %laA to produce A-centers. A strong linear correlation with some IR peaks
between 1400 and 1350 cm™! (e.g., 1358 cm™ ") is observed. Evidence supporting the assignment of such
peaks to defects containing interstitial carbon and nitrogen (C; and N;) is described, suggesting that the
formation of ¥Y-centers is driven by interstitial-assisted aggregation. Moreover, the Y-center itself may
be an intermediate form of Ng linked to C; or N; or larger interstitial complexes that become unstable with
increasing N-aggregation (mantle residence time/temperature). Evidence for alternative hypotheses for the
identity of the Y-center involving O- and Ni-related defects and X-centers is also discussed.

Keywords: Diamond, Type Ib diamond, FTIR spectroscopy, defects, N-aggregation, substitutional
nitrogen, ¥Y-centers, Spectroscopy in geology: a decade of breakthroughs


mailto:maxwell.day@unipd.it
https://orcid.org/0000-0002-3295-2116
https://orcid.org/0000-0002-3295-2116
https://orcid.org/0000-0002-4875-5125
https://doi.org/10.2138/am-2024-9722

	Infrared spectroscopy of natural Type Ib diamond: Insights into the formation of Y-centers and the early aggregation of nitrogen
	Introduction
	Terminology and Nomenclature
	Type Classification
	N-Aggregation State
	N-Defect Content
	IR Absorption Peaks and Systems
	Impurities and Defects

	Methods and Materials
	Fourier Transform Infrared (FTIR) Spectroscopy

	Results
	Deconvolution of the N-region: The Effect of Y-Centers
	The Relationship Between N-Aggregation State (%IaA) and Y-Centers
	Peak Intensity Correlations: The 1353 to 1387 cm-1 Peaks and Y-Centers

	Discussion
	Correcting Mantle Residence Time and Temperature Using Y-Centers
	Early Aggregation of N-Related Defects and the Formation of Y-Centers
	Evidence of (Self-)Interstitial-Assisted Aggregation
	Untreated and Treated Natural Type Ib Diamonds

	Implications
	Data Availability



<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /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 false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /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 <<
    /ENU ([Based on 'Web Preset MSA update'] for MSA website and GeoscienceWorld)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /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
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 2400
        /PresetName (CenveoFlattener_Preset)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 20.879999
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




