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Figure S1. Optical properties of doxorubicin. (a) UV-Vis absorption spectrum showing maximum absorbance at ~480 nm. (b) Photoluminescence emission spectrum with peak intensity at ~590 nm. Data used for quantification of doxorubicin conjugation to nanoparticles.
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Figure S2. Comprehensive spectroscopic characterization of gel chromatography fractions. (a,c) UV–Vis absorption spectra and (b, d) photoluminescence (PL) emission spectra of all collected fractions obtained after purification of DOX@C-dot (a, b) and DOX@AuNP@C-dot (c, d) conjugates. The spectral profile of free DOX solution is included for comparison, confirming the successful conjugation of DOX to C-dots.
Table 1: Quantitative Analysis of Doxorubicin Loading onto Carbon Dots across Various Sample Fractions.
	Sample
	A350
	A480
	C-dot (mg/L)
	DOX  (mg/L)
	Mass
	Mass DOX (µg)
	DLE (%)
	C-dot/Dox ratio

	
	
	
	
	
	C-dot (µg)
	
	
	

	F.1
	0.05
	0.01
	0.01
	0
	3.5
	0.93
	21
	3.76

	F.2
	0.73
	0.13
	0.05
	0.01
	52.44
	11.65
	18.2
	4.5

	F.3
	2.35
	0.29
	0.17
	0.03
	169.02
	25.13
	12.9
	6.73

	F.4
	2.65
	0.25
	0.19
	0.02
	190
	21.65
	10.2
	8.78

	F.5
	2.63
	0.21
	0.19
	0.02
	188.77
	18.09
	8.7
	10.44

	F.6
	2.25
	0.17
	0.16
	0.02
	161.68
	14.78
	8.4
	10.94

	F.7
	2.44
	0.25
	0.18
	0.02
	175.34
	21.63
	11
	8.11

	F.8
	2.22
	0.21
	0.16
	0.02
	159.26
	18.63
	10.5
	8.55

	F.9
	1.59
	0.17
	0.11
	0.02
	114.01
	14.79
	11.5
	7.71

	F.10
	1.36
	0.15
	0.1
	0.01
	97.94
	12.73
	11.5
	7.7

	F.11
	1.69
	0.12
	0.12
	0.01
	120.94
	10.35
	7.9
	11.68

	F.12
	2.15
	0.13
	0.16
	0.01
	154.52
	10.87
	6.6
	14.22

	F.13
	2.2
	0.1
	0.16
	0.01
	157.9
	8.96
	5.4
	17.63

	F.14
	1.84
	0.09
	0.13
	0.01
	132.32
	8.1
	5.8
	16.33

	F.15
	1.38
	0.08
	0.1
	0.01
	99.06
	6.95
	6.6
	14.26

	F.16
	3.05
	3.25
	0.22
	0.28
	218.56
	282.61
	56.4
	0.77

	DOX
	0
	0.54
	0
	0.05
	0
	46.87
	99.9
	0



Table 2: Molar Ratio Analysis of DOX Molecules per C-dot Particle across Various Sample Fractions.
	Sample
	Mass C-dot (µg)
	Mass DOX (µg)
	Mass Ratio 
(C-dot /DOX)
	DLE (%)
	Moles 
C-dot (pmol)
	Moles DOX (nmol)
	Molar Ratio (DOX/C-dot)

	F.1
	3.50
	0.93
	3.76
	21.00
	37.07
	1.71
	46.2

	F.2
	52.44
	11.65
	4.50
	18.20
	555.34
	21.43
	38.6

	F.3
	169.02
	25.13
	6.73
	12.90
	1789.94
	46.24
	25.8

	F.4
	190.00
	21.65
	8.78
	10.20
	2012.12
	39.83
	19.8

	F.5
	188.77
	18.09
	10.44
	8.70
	1999.09
	33.28
	16.6

	F.6
	161.68
	14.78
	10.94
	8.40
	1712.21
	27.19
	15.9

	F.7
	175.34
	21.63
	8.11
	11.00
	1856.87
	39.80
	21.4

	F.8
	159.26
	18.63
	8.55
	10.50
	1686.58
	34.28
	20.3

	F.9
	114.01
	14.79
	7.71
	11.50
	1207.38
	27.21
	22.5

	F.10
	97.94
	12.73
	7.70
	11.50
	1037.19
	23.42
	22.6

	F.11
	120.94
	10.35
	11.68
	7.90
	1280.77
	19.04
	14.9

	F.12
	154.52
	10.87
	14.22
	6.60
	1636.38
	20.00
	12.2

	F.13
	157.90
	8.96
	17.63
	5.40
	1672.18
	16.49
	9.9

	F.14
	132.32
	8.10
	16.33
	5.80
	1401.28
	14.90
	10.6

	F.15
	99.06
	6.95
	14.26
	6.60
	1049.06
	12.79
	12.2

	F.16
	218.56
	282.61
	0.77
	56.40
	2314.57
	519.96
	224.6



Table 3: Absorbance Data and Calculated DLE for DOX@AuNP@C-dot Fractions
	Sample
	A350
	A480
	AuNP@C-dot  (mg/L)
	Dox  (mg/L)
	Mass AuNP@C-dot (µg)
	Mass Dox (µg)
	DLE (%)
	AuNP@C-dot/Dox ratio

	F.1
	0.04
	0.01
	0.01
	0
	2.98
	0.92
	23.57
	3.24

	F.2
	1.64
	0.29
	0.12
	0.03
	118
	25.08
	17.53
	4.71

	F.3
	3.24
	2.45
	0.23
	0.21
	232.21
	213.37
	47.89
	1.09

	F.4
	3.28
	3.3
	0.24
	0.29
	235.59
	286.78
	54.9
	0.82

	F.5
	3.12
	3.14
	0.22
	0.27
	223.97
	272.9
	54.92
	0.82

	F.6
	3.01
	0.55
	0.22
	0.05
	216.22
	47.98
	18.16
	4.51

	F.7
	2.4
	0.24
	0.17
	0.02
	172.52
	21.04
	10.87
	8.2

	F.8
	2.17
	0.22
	0.16
	0.02
	155.61
	19.34
	11.06
	8.05

	F.9
	2.13
	0.22
	0.15
	0.02
	152.8
	19.32
	11.23
	7.91

	F.10
	2.05
	0.21
	0.15
	0.02
	147.41
	18.63
	11.22
	7.91

	F.11
	2.06
	0.2
	0.15
	0.02
	148.01
	17.35
	10.49
	8.53

	F.12
	2.07
	0.19
	0.15
	0.02
	148.42
	16.54
	10.03
	8.98

	F.13
	1.84
	0.19
	0.13
	0.02
	132.27
	16.16
	10.89
	8.19

	F.14
	1.67
	0.16
	0.12
	0.01
	120.08
	14.13
	10.53
	8.5

	F.15
	1.38
	0.16
	0.1
	0.01
	99.38
	13.46
	11.93
	7.38

	F.16
	0.75
	0.11
	0.05
	0.01
	54.15
	9.75
	15.26
	5.55



Table 4: Molar Ratio Analysis of DOX Molecules per C-dot Particle across Various Sample Fractions.
	Sample
	Mass AuNP@
C-dot (µg)
	Mass DOX (µg)
	Mass Ratio
	DLE (%)
	Moles AuNP@C-dot (pmol)
	Moles DOX (nmol)
	Molar Ratio (DOX/
particle)

	No-1
	2.98
	0.92
	3.24
	23.57
	30.38
	1.69
	55.6

	No-2
	118.00
	25.08
	4.71
	17.53
	1204.00
	46.14
	38.3

	No-3
	232.21
	213.37
	1.09
	47.89
	2369.27
	392.57
	165.7

	No-4
	235.59
	286.78
	0.82
	54.90
	2403.74
	527.64
	219.5

	No-5
	223.97
	272.90
	0.82
	54.92
	2285.20
	502.09
	219.7

	No-6
	216.22
	47.98
	4.51
	18.16
	2206.15
	88.28
	40.0

	No-7
	172.52
	21.04
	8.20
	10.87
	1760.27
	38.71
	22.0

	No-8
	155.61
	19.34
	8.04
	11.06
	1587.68
	35.59
	22.4

	No-9
	152.80
	19.32
	7.91
	11.23
	1559.04
	35.55
	22.8

	No-10
	147.41
	18.63
	7.91
	11.22
	1504.04
	34.27
	22.8

	No-11
	148.01
	17.35
	8.53
	10.49
	1510.22
	31.92
	21.1

	No-12
	148.42
	16.54
	8.97
	10.03
	1514.37
	30.43
	20.1

	No-13
	132.27
	16.16
	8.19
	10.89
	1349.60
	29.73
	22.0

	No-14
	120.08
	14.13
	8.50
	10.52
	1225.24
	25.99
	21.2

	No-15
	99.38
	13.46
	7.38
	11.93
	1014.02
	24.76
	24.4

	No-16
	54.15
	9.75
	5.55
	15.26
	552.47
	17.94
	32.5




STEP-BY-STEP DLE CALCULATION
For pooled active fractions F7–F10 of DOX@AuNP@C-dot:
Step 1 — Sum DOX mass across fractions: 21.04 + 19.34 + 19.32 + 18.63 = 78.33 µg
Step 2 — Sum AuNP@C-dot mass across fractions: 172.52 + 155.61 + 152.80 + 147.41 = 628.34 µg
Step 3 — Apply DLE formula: DLE (%) = [mass DOX / (mass AuNP@C-dot + mass DOX)] × 100 = [78.33 / (628.34 + 78.33)] × 100 = [78.33 / 706.67] × 100 = 11.08%
For pooled active fractions F7–F10 of DOX@C-dot (for comparison):
Total DOX = 21.63 + 18.63 + 14.79 + 12.73 = 67.78 µg Total C-dot = 175.34 + 159.26 + 114.01 + 97.94 = 546.55 µg DLE = [67.78 / (546.55 + 67.78)] × 100 = 11.03%
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