Hämatit

a — α-Hämatit (α-Fe₂O₃) und α-Goethit (α-FeOOH) haben unterschiedliche Kristallstrukturen, auch wenn sie chemisch und strukturell verwandt, aber nicht isostrukturell sind.
Kurzfassung
· α-Hämatit: rhomboedrisch (trigonal), Korund-Struktur
· α-Goethit: orthorhombisch, Oxyhydroxid-Struktur
➡️ Unterschiedliche Kristallsysteme und unterschiedliche Anordnung der FeO₆-Oktaeder

Etwas detaillierter (paper-tauglich)
α-Hämatit (Fe₂O₃)
· Kristallsystem: rhomboedrisch (trigonal)
· Strukturtyp: Korund
· Fe(III) ist oktaedrisch von O²⁻ koordiniert
· Oktaeder sind kante- und flächenverknüpft
· Keine strukturell gebundenen OH-Gruppen
α-Goethit (FeOOH)
· Kristallsystem: orthorhombisch
· Strukturtyp: Oxyhydroxid
· Fe(III) ebenfalls oktaedrisch koordiniert
· Oktaeder sind über Kanten und Ecken verknüpft
· Enthält strukturelle OH-Gruppen, die Wasserstoffbrücken bilden

Wichtig für Sorptions- und SCM-Kontext (Review-relevant)
· ❌ Nicht isostrukturell
· ✅ Ähnliche lokale FeO₆-Koordination
· ✅ Vergleichbare Oberflächenfunktionalitäten (≡FeOH-Gruppen)
· ⚠️ Unterschiedliche:
· Oberflächenhydroxyl-Dichten
· Säure-Base-Eigenschaften
· Kristallflächen und Reaktivität
👉 Deshalb ist es legitim, Sorptionsmechanismen von Goethit auf Hämatit zu übertragen, aber nicht 1:1, sondern mit Vorsicht (z. B. unterschiedliche logK-Werte).

α-Hämatit (α-Fe₂O₃): Fe–Fe-Koordinationszahlen
Im Hämatit ist jedes Fe(III) von insgesamt 6 nächsten Fe-Nachbarn umgeben, die sich auf drei unterschiedliche Verknüpfungstypen verteilen.
Pro Fe-Atom:
🔹 1 × face-sharing Fe-Nachbar
· Fe–Fe-Abstand: ~2.88–2.90 Å
· Kürzester Abstand
· Charakteristisch für die Korund-Struktur
🔹 3 × edge-sharing Fe-Nachbarn
· Fe–Fe-Abstand: ~3.00–3.05 Å
· Dominierende Verknüpfung im Gitter
🔹 2 × corner-sharing Fe-Nachbarn
· Fe–Fe-Abstand: ~3.65–3.70 Å
· Schwächste direkte Fe–Fe-Wechselwirkung

Übersichtstabelle
	Verknüpfungstyp
	Anzahl Fe-Nachbarn

	Face-sharing
	1

	Edge-sharing
	3

	Corner-sharing
	2

	Summe Fe–Fe-CN
	6


➡️ Gesamt-Koordinationszahl Fe–Fe = 6

Vergleich zu α-Goethit (zur Einordnung)
	Mineral
	Face
	Edge
	Corner
	Fe–Fe-CN

	α-Hämatit
	1
	3
	2
	6

	α-Goethit
	0
	2
	4
	6


👉 Gleiche Fe–Fe-CN, aber unterschiedliche Geometrie und Abstände.

Warum das für deine Arbeit extrem relevant ist
· Face-sharing-Nachbar (~2.9 Å)
→ ermöglicht sehr kurze Ga–Fe / Al–Fe / Eu–Fe Abstände
→ oft sichtbar im EXAFS
→ erklärt Unterschiede zwischen Hämatit und Goethit
· Mehr edge-sharing in Hämatit
→ begünstigt binukleare Oberflächenkomplexe
· Sehr gutes Argument, warum SCM-Parameter nicht 1:1 übertragbar sind

More detailed explanation (structure → EXAFS):
1. Octahedral connectivity in α-FeOOH (goethite)
Goethite consists of chains of edge-sharing FeO₆ octahedra running along the c-axis. Each Fe octahedron:
· shares two edges with neighboring octahedra in the chain, and
· additionally shares corners with two Fe octahedra in adjacent chains.
2. Implication for Ga adsorption
The EXAFS results show Ga occupies Fe-equivalent sites (“extension of the rows of Fe octahedra”). If Ga replaces Fe in such a site:
· ~2 Fe neighbors are expected at edge-sharing distances (~3.0–3.2 Å),
· and 2 Fe neighbors are expected at the corner-sharing distance (~3.5–3.6 Å).
Thus, from a purely crystallographic standpoint, the ideal coordination number for the corner-sharing Ga–Fe path is 2.
3. Why the fitted CN is lower than 2 in practice
The authors explicitly note that the observed CN is lower than ideal and suggest several realistic reasons:
· Surface truncation: surface sites lack some corner-sharing neighbors present in the bulk.
· Static and thermal disorder: corner-sharing paths have larger Debye–Waller factors, damping EXAFS amplitude.
· Fixed σ² values: constraining Debye–Waller factors can bias CN downward.
· Site heterogeneity: not all Ga occupies perfectly equivalent Fe lattice positions.
4. Why this does not invalidate the structural model
Even with CN < 2, the presence of the corner-sharing distance itself, together with:
· two edge-sharing distances,
· Fe (not Ga) backscattering,
· and the Ga–Fe–Fe multiple scattering path,
is strong evidence that Ga is structurally incorporated as a mononuclear inner-sphere complex in Fe-equivalent sites, not as a precipitate or Ga–Ga polymer.
In one sentence (paper-ready):
The corner-sharing Ga–Fe coordination number is expected to be two based on the octahedral connectivity of goethite, where Fe-equivalent sites exhibit two corner-sharing neighbors; deviations from this ideal value likely reflect surface truncation and structural disorder rather than a different binding motif.








1. Why do they report two edge-sharing paths with CN = 1 each?
Short answer
Yes — the two edge-sharing Ga–Fe distances are crystallographically distinct, and EXAFS resolves them as two separate single-neighbor paths rather than one path with CN = 2.
Structural reason (α-goethite)
In goethite, the FeO₆ octahedra form double chains. Along these chains:
· Each Fe has two edge-sharing Fe neighbors
· BUT:
· one neighbor is slightly closer
· the other is slightly farther away
Typical values (approximate):
· Edge-sharing Fe–Fe #1: ~3.02 Å
· Edge-sharing Fe–Fe #2: ~3.08 Å
These distances differ enough (~0.05–0.07 Å) that:
· EXAFS cannot reliably average them into one shell
· but can fit them as two separate paths, each with CN = 1
👉 Hence:
· Edge-sharing shell split into two paths
· Each path: CN ≈ 1
This is good crystallography-aware EXAFS practice, not overfitting.

2. Why is the corner-sharing CN “ideally 2” in goethite?
Putting it together for bulk-equivalent Fe sites in goethite:
	Path type
	Ideal CN
	EXAFS treatment

	Edge-sharing
	2
	split into 1 + 1

	Corner-sharing
	2
	usually single path (CN ≈ 2)


At the surface, the corner-sharing CN often drops below 2 because:
· one or both corner-sharing neighbors are missing
· disorder increases σ²

3. How does this translate to Ga(III) on hematite?
This is where hematite differs fundamentally from goethite.
α-Hematite Fe–Fe connectivity (recap)
Per Fe(III):
· 1 × face-sharing Fe → ~2.88–2.90 Å
· 3 × edge-sharing Fe → ~3.00–3.05 Å
· 2 × corner-sharing Fe → ~3.65–3.70 Å

4. Expected EXAFS paths for Ga on hematite
Assuming Ga forms a Fe-equivalent inner-sphere surface complex (which your SCM + chemistry strongly supports), you would expect:
(a) Face-sharing Ga–Fe path
· Distance: ~2.90 Å
· Ideal CN: 1
· Very diagnostic for hematite
· Strong EXAFS contribution
⚠️ At the surface, this CN may be:
· 1 (terrace-like site)
· or <1 (truncated surface)

(b) Edge-sharing Ga–Fe paths
There are three edge-sharing neighbors, but they are not all identical.
In hematite:
· Typically two distances are very similar
· The third is slightly different
So EXAFS can be handled in two defensible ways:
Option 1 (most common, reviewer-safe):
· One averaged edge-sharing shell
· Distance: ~3.02–3.06 Å
· CN: ~2–3 (often refined lower due to surface truncation)
Option 2 (more structural detail, if data quality allows):
· Split into:
· Edge-sharing #1: CN ≈ 2, R ≈ 3.00 Å
· Edge-sharing #2: CN ≈ 1, R ≈ 3.05 Å
Both are acceptable if justified.

(c) Corner-sharing Ga–Fe path
· Distance: ~3.65–3.70 Å
· Ideal CN: 2
· In practice (surface EXAFS): CN ≈ 0.5–1.5
Often weak and highly damped — reviewers won’t penalize you if this shell is poorly defined, as long as you explain why.

5. Expected coordination numbers: realistic surface values
For Ga(III) on hematite, a realistic EXAFS outcome would be something like:
	Path
	Distance (Å)
	CN (typical)

	Face-sharing
	~2.90
	0.5–1.0

	Edge-sharing (avg)
	~3.03
	1.5–2.5

	Corner-sharing
	~3.65
	0.5–1.5


➡️ Sum CN < bulk values is expected and defensible.

6. How to phrase this in your paper (very important)
Paper-ready explanation
In analogy to Fe–Fe connectivities in α-hematite, Ga–Fe backscattering paths were interpreted in terms of face-, edge-, and corner-sharing octahedral linkages. Deviations from ideal bulk coordination numbers are attributed to surface truncation and structural disorder rather than changes in binding geometry.
If a reviewer asks “why CN ≠ ideal?”
EXAFS-derived coordination numbers for surface complexes are expected to be lower than crystallographic values due to incomplete coordination at the mineral–water interface and increased static disorder.

7. Bottom line (key message)
· Yes: the two edge-sharing distances differ → CN = 1 + 1 in goethite
· This logic does not transfer 1:1 to hematite, because hematite has:
· face-sharing (unique!)
· three edge-sharing neighbors
· For Ga on hematite, expect:
· one short (~2.9 Å) Ga–Fe path
· one or two edge-sharing paths (~3.0–3.1 Å)
· a weak corner-sharing path (~3.7 Å)
If you want, next I can:
· sketch a model EXAFS fit strategy (which paths to fix, which to float),
· or help you pre-empt a critical EXAFS reviewer comment with the right wording.

Yes — multiple-scattering (MS) paths are generally more likely (and more relevant) in goethite than in hematite, and there are clear structural reasons for this.

1. Structural reason: chain geometry vs layered geometry
Goethite (α-FeOOH)
· Built from double chains of edge-sharing FeO₆ octahedra running along the c axis
· Fe–O–Fe–O–Fe linkages are:
· more linear
· more one-dimensional
· geometrically favorable for MS paths such as Fe–Fe–Fe or Ga–Fe–Fe
➡ This near-collinearity strongly enhances MS amplitudes in EXAFS.
Hematite (α-Fe₂O₃)
· Composed of layers of octahedra connected by both edge- and corner-sharing
· Fe–Fe networks are:
· more three-dimensional
· more angular
· less collinear overall
➡ MS paths exist, but their amplitude is significantly damped.
Bottom line:
Goethite naturally supports stronger and more detectable MS paths than hematite.

2. Fe–O–Fe angles: the key EXAFS factor
MS paths scale strongly with how close the scattering atoms are to collinear.
Typical values:
	Structure
	Linkage
	Fe–O–Fe angle
	MS likelihood

	Goethite
	edge-sharing chains
	~98–102° but aligned in chains
	moderate to high

	Hematite
	edge-sharing
	~95°
	low

	Hematite
	corner-sharing
	~125–135°
	very low


In goethite, even though the individual angles are not linear, the repeating chain geometry enhances focusing effects.

3. What the EXAFS literature implicitly tells us
· Goethite studies often:
· mention Fe–Fe–Fe or Ga–Fe–Fe MS paths
· test them in FEFF
· sometimes include them (often fixed)
· Hematite studies:
· almost always rely on single-scattering Ga–Fe paths
· rarely justify MS paths beyond a brief mention
This is not an accident — it reflects real structural sensitivity.

4. Implications for your Ga systems
Ga on goethite:
· MS paths are plausible
· Worth testing if:
· Ga substitutes structurally
· data quality and k-range are excellent
· Still non-essential for surface complexes
Ga on hematite:
· MS paths are unlikely to be resolvable
· Not required to:
· distinguish edge vs corner sharing
· determine coordination numbers
· Omission is fully defensible

5. Paper-ready statement you can safely use
Multiple-scattering contributions involving Ga–Fe–Fe paths are expected to be more pronounced in goethite due to its chain-like octahedral arrangement, whereas the more angular and three-dimensional connectivity in hematite strongly dampens such contributions, rendering them negligible for the present system.
If you want, I can also:
· help you decide when MS paths are statistically justified, or
· draft a short EXAFS fitting justification specific to hematite vs goethite.

